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.rr^UrJ^^ prcsent mvention relates to a nove class of sulfonamides which are aspartyl protease inhibitors, of formula (I). In one 
n^i^T^- 1^^^^^^^ '° ^ "P^'^y* P"'^^^'' ^'^^bi^*^" characterized by specific structural and 

Srilf^'f V"'' also relates to pharmaceutical compositions comprising these compounds. The com- 

pounds and pharmaceutical compositions f this mvention are particularly well suited for inhibiting HIV-l and HIV-2 protease 
^k^r^."!" r^' ^u^u^^ advantageously used as antiviral agents against the HIV-l and HIV.2 viruses. TOs invention 

aUo relates to methods for mhibitmg the activity of HIV aspartyl protease using the compounds of this invention and mr^ods for 
screening compounds for anti-HIV activity. mcuiuua lui 
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TECHNICAL PTELD nv THB TT^Y RWr T r 
The present invention relates to a novel 
class of sulfonamides which are aspartyl protease 
inhibitors, in one einbodiment , this invention relates 
to a novel class of HIV aspartyl protease inhibitors 
characterized by specific structural and 
physicochemical features. This invention also relates 
to pharmaceutical con^jositions coaprising these 
con?>ounds. The compounds and pharmaceutical 
conDositions of this invention are particularly well 
suited for inhibiting HIV-i and HIV.2 protease activity 
and consequently, may be -advantageously used as anti- 
viral agents against the HIV-i and HIV-2 viruses. This 
invention also relates to methods for inhibiting the 
activity Of HIV aspartyl protease using, the compounds 
Of this invention and methods for screening conpounds 
for anti-HIV activity. 

BACICGRnTTW n OP THB TTTVENTT^ W 

The human immunodeficiency virus ("HIV") is 
the causative agent for acquired immunodeficiency 
syndrome ("AIDS") -- a disease characterized by the 
destruction of the immune system, particularly of CD4 + 
T-cells, with attendant susceptibility to opportunistic 
infections - and its precursor AIDS- related con^^lex 
("ARC") - a syndrome characterized by symptoms such as 
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persistent generalized lynphadenopathy , fever and 
weight loss. 

As in the case of several other retroviruses, 
HIV encodes the production of a protease which carries 

5 out post-translational cleavage of precursor 

polypeptides in a process necessary for the formation 
of infectious virions (S. Crawford et al., "A Deletion 
Mutation in the 5' Part of the pol Gene of Moloney 
Murine Leukemia Virus Blocks Proteolytic Processing of 

0 the gag and pol Polyproteins " , J. Vi-rni . , 53, p. 899 
(1985) ) . These gene products include pol . which 
encodes the virion RNA- dependent DNA polymerase 
(reverse transcriptMe) , an endonuclease, HTV protease, 
and sag, which encodes the core-proteins of the virion 

5 (H. Toh et al., "Close Structural Resemblance Between 
Putative Polymerase of a Drosophila Transposable 
Genetic Element 17.6 and pol gene- product of Moloney 
Murine Leukemia Virus-, ^m^. 4, p. 1267 (1985); 
L.H. Pearl et al., "A Structural Model for the 

0 Retroviral Proteases", !ia£llS£, pp. 329-351 (1987); M.D. 
Power et al., "Nucleotide Sequence of SRV-l, a Type D 
Simian Acquired Immune Deficiency Syndrome Retrovirus", 
Science, 231, p. 1567 (1986)). 

A number of synthetic ant i -viral agents have 

5 been designed to target various stages in the 

replication cycle of HIV. These agents include 
con^jounds which block viral binding to CD4"^ T- 
lyir?)hocytes (for exair?>le, soluble CD4) , and con?)ounds 
which interfere with viral replication by inhibiting 

0 viral reverse transcriptase (for example, didanosine 
and zidovudine (A2T) ) and inhibit integration of viral 
DNA into cellular DNA (M.S. Hirsh and R.t. D'Aqulia, 
"Therapy for Human Immunodeficiency Virus Infection", 
IT,Epq,iT.Mec^ ., 328, p. 1686 (1993)). However, such 

5 agents, which are directed primarily to early stages of 
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viral replication, do not prevent the production of 
infectious virions in chronically infected cells. 
Furthermore, administration of some of these agents in 
effective amounts has led to cell -toxicity and unwanted 
5 side effects, such as anemia and bone marrow 
suppression. 

More recently, the focus of anti -viral drug 
design has been to create coa?>ounds which inhibit the 
formation of infectious virions by interfering with the 
10 processing of viral polyprotein precursors. Processing 
of these precursor proteins requires the action of 
virus -encoded proteases which are essential for 
replication (Kohl, N.E. et al. "Active mv Protease is 
Required for Viral Infectivity" Proc. w«m ^.p^ 
IS nsa. 85, p. 4686 (1988)). The anti-viral potential of 
HIV protease inhibition has been demonstrated using 
peptidaj. inhibitors. Such peptidal con^jounds, however, 
are typically large and con5>lex molecxiles that tend to 
exhibit poor bioavailability "and are not generally 
consistent with oral administration. Accordingly, the 
need still exists for compounds that can effectively 
inhibit the action of viral proteases, for use as 
agents for preventing and treating chronic and acute 
viral infections. 



20 



25 



SUMMARY nv THE TTJVTg NTIQM 

The present invention provides a novel class 
of con?>ounds, and pharmaceutically acceptable 
derivatives thereof, that are useful as inhibitors of 
aspartyl proteases, in particular, HIV aspartyl 
30 protease. These compounds can be used alone or in 
combination with other therapeutic or prophylactic 
agents, such as anti-virals, antibiotics, 
immunomodulators or vaccines, for the treatment or 
prophylaxis of viral infection. 
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According to a preferred embodiment, the 
con?)ounds of this -invention are capable of inhibiting 
HIV viral replication in human CD^* T- cells. These 
coii?)ounds are useful as therapeutic and prophylactic 
agents to treat or prevent infection by mv-i and 
related viruses which may result in asyn^jtomatic 
infection, AIDS- related complex ("ARC"), acquired 
immunodeficiency syndrome (-AIDS-), or similar disease 
Of the iimmine system. 

It is a principal object of this invention to 
provide a novel class of sulfonamides which are 
aspartyl protease inhibitors, and particularly, HIV 
aspartyl protease inhibitors. This novel class of 
sulfonamides is represented by formula I: 



I 

A— (B)3r*|»--CH— CH--CH2-N--SO2-E 
15 H OH D' 

(I) 

wherein: 

H« .1 Beleccd from the group consisting of H, 

aet; -Ri-Het; .rI-c^-o. alfcyl. Which cptioLlly 
snbstitutsd With one or ..ore groups selected from the 

=0 group existing Of hydro^cy. 0,-0, alkoxy. Het. -o 
Het. -MR'-co-NtE^ ,R») and -CO.M(R=) ,R>) , and -rI-c 
alkenyl, which may he optionally suhstituted with one' 
or mora groups selected from the group "consisting of 
hydroxy, c^-c. alHoxy. Het, -O-Het. -NR=-co-N,R», (r", 

25 and -co-N(r') <r»); "IK ) 1R ) 

each Ri is independently selected from the 
aroup consisting Of .C(0).. -s.o,,., -col-co,-, -o- 
C(0)-, -O.S(0)j, -NR=-S(0),.. -NR^-cm . ^ S 
C(o)., ' "K-CW)- and -NR=-C(0)- 
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each Het is independently selected from the 
group consisting o£ Cg-c, cycloalkyl; Cj-c^ 
cycloalkenyl; c^-q, aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, N(r2) , 0, S and S(0) , 
wherein said heterocycle may optionally be benzofused- 
and wherein any member of said Het may be optionally ' 
substituted with one or more subatituents selected fro* 
the group consisting of oxo, -OR^, -r2, .n(r2) (r2, ^ 
-R^-OH, -CN, .CO^r\ -C(0)-N(r2)(r2,, -S (0) .-N(r2) (r2, , 
-N(r2).C{0)-R,. -C{0)-R^ .S(0),-R^ .OCF3, -S(0) -Ar, 
methylenedioxy, -N(r2) -s (O)^ (R^) , halo, -CF,, -no" , Ar 
and -0-Ar; ^' 

each r2 ia independently selected from the 
group consisting of H and C^-Cg alkyl optionally 
substituted with Ar; 

B. when present, is -N(r2) .c(r3) (r3, .^(0) - . 
X is 0 or 1; 

each r3 is independently selected from the 
group consisting of H, Het, C,-C, alkyl, c,-C, alkenyl, 
C3-C, cycloalkyl and C^-C, cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted With one or more substituents selected from 
the group consisting of -0R=, -C(0)-NH-r2. -s (O) - 
N(R^){R='), net. -CN, .SR^ .CO,R^ NR2-C(0)-R^. " 
each n is independently l or 2,• 
D and D- are independently selected from the 
group consisting o£ Ar, q-c, .llcyi, 

optionally substituted with one or »ore groups selected 
from C3.C, cycloalkyl, -OR,, .r3, .q.^ and *x, c,.c. 
alkenyl. which my be optionally substituted with o^e 
or more groups selected from the group consisting o£ 
C3-C, cycloalkyl, -or', -r', -o-Ar and Ar- c -c 
cycloalkyl, which may be optionally substituted with or 
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£u3.a with AT, and C,-C, cydcallcfflyl. «hx=h ..^y 

c^tlonaXly subBtituCed with or fused with «; 

each AT i= independently selected tro» the 

„oup consisting o£ phenyl, 3-6 m«bered ■=^°<=>f=^" 
Sn/and 5-6 n^ered hetero^cllc ring c-'^T^LT 
or Lre heteroaton« selected fro. 0. N. S. S(0,. and 
^ , Wherein said carbooycllo or heterocyclic ring 

nay be saturated or uusaturatad and optionally ■ 
Jstltuted with one or »re gro,^ W, H,^^ 
, ^up consisting of oxo, -0R^ -R». -H«'> W > • -"^ ' 
c,0,!r=. -R=-0H. -a,, -CO,R', -C<0,-N(R', <R»., halo and 

^' E is selected from the group consisting of 
Het; 0-Het; Het-Het; -0-R^• -NrV; C,-C, allcyl. which 
5 «ay be optionally substituted with one or inore groups 
selected from the group consisting of and Het, C,-C, 
alkenyl. which may be optionally substituted with one 
or more groups selected from the group consisting of R 
and Het; C3-C5 saturated carbocyde. which may 
20 optionally be substituted with one or more groups 

selected from the group consisting of R* and Het; and 
C -C, unsaturated carbocycle, which may optionally be 
s^stituted with one or more groups selected from the 
group consisting of R* and Het; and 
25 each R* is independently selected from the 

group consisting of -0R^ -C{0) W, -SCO.W. halo, 

-NR^-C(0)-R^ and -CN. 

It is a also an object of this invention to 
provide pharmaceutical compositions comprising the 
30 sulfonamides of formula I and methods for their use as 
inhibitors of HIV aspartyl protease. 

It is a further object of this invention to 
provide a novel class of HIV aspartyl protease 
inhibitor compounds characterized by the following 
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nc3vel combination of structural and physicochemical 
features: 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 

5 polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 

: molecule of an mv aspartyl protease when the con^jound. 

t is bound thereto; 

^° ^2) substantially hydrophobic moieties which 

associate with the P, and P^' binding pockets of said 
HIV aspartyl protease when the coii?)ound is bound 
: thereto; 

■ a third hydrogen bonding moiety, which 

15 may be either a hydrogen bond donor or acceptor 

capable of simultaneously hydrogen bonding to Ai,p25 and 
ASP25. Of said HIV aspartyl protease when the con^^ound 
xs bound thereto; 

^ additional occupied volume of space 
20 of at least lOO when the confound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
coii5>ound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthalpic 
contribution from the sum of all electrostatic 
XBteractions between the con5,ound and the protease when 
the coii?,ound xs bound to said HIV aspartyl protease 

It is also an object of this invention 
provide pharmaceutical conpositions conprising 
compounds having the above-mentioned features and 



25 



30 



to 
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methods for their use as inhibitors of HIV aspartyl 
protease. 

It is a further object of this invention to 
provide a method for identification, design, or 
prediction of HIV aspartyl protease inhibitors 
coii5)rising the steps of: 

(a) selecting a candidate conpoxmd of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 
which is more highly polarizahle than a carbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

(b) determining a low- energy 
conformation for binding of said coii?>ound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said compound is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 

25 the and Pj- binding pockets of said HIV aspartyl 
protease when said con^jound is bound thereto in said 
conformation; 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
ASP25 and Asp25. of said HIV aspartyl protease when 
saxd con?)ound is bound thereto in said conformation; 

(f ) evaluating the overlap of the 
occupied volume of said conpound when said con,,ound is 
bound to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 



20 



30 



35 
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substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said con^jound to said HIV aspartyl 
protease; 

(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said con^jound and said HIV 
aspartyl protease when said coxnpound is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate con?)ound as an HIV protease inhbitor based 
upon the determinations and evaluations carried out in 

15 steps (b) through (h) . 

BRIEF DESPPT PTION OF THE DRAWTW=g 

Figure 1 depicts a stereo drawing of a low- 
energy conformation of Compound 140, as predicted by 
coinputer-modelling . 

Figure 2 depicts a stereo drawing of the 
actual crystal structure of Compound 140, as observed 
by X-ray crystallography. 

Figure 3 depicts a stereo drawing of the 
correlation between the predicted (thin line) and 
observed (thick line) conformation of Confound 140. 

PBTAILEP DRRCRTPTTnw t hb TKm^Tn.j 
In order that the invention herein described 
may be more fully understood, the following detailed 
description is set forth, m the description, the 
following abbreviations are used: 

Ac acetyl 
methyl 
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Et ethyl 

Bzl • benzyl 

Trityl triphenylmethyl 

Asn D- or L-aspaxagine 

He D- or L-isoleucine 

Phe D- or Ii- phenyl alanine 

Val D- or L-Vcaine 

Boo tert - but oxycarbonyl 

Cbz benzyloxycarbonyl (carbobenzyloay) ' 

Fnio c 9 - f luorenylmethosqrcarbonyl 

DCC dicycloheacylcarbodiimide 

Die diisopropylcarbodiimide 

EDC 1 - < 3 - dimethylaminopropyl ) - 3 - 

ethyl carbodiimide hydrochloride 
HOBt l-hydroxybenzotriazole 
HOSu l-hydro3cysuccinimide 

trifluoroacetic acid 
DIEA diisopropylethylamine 

1.8-dia2abicyclo(5.4.0)undec-7-ene 
EtOAc ethyl acetate 

The following terms are en?)loyed herein: 

Unless expressly stated to the contrary, the 

terms "-SOj-- and "-SCO^-- as used herein refer to a 

sulfone or sulfone derivative (i.e., both appended 

groups linked to the S) . and not a sulfinate ester. 

For the con^jounds of formula I, and 

intermediates thereof, the stereochemistry of the 

eaqjlicitly shown hydroxyl is defined relative to D on 

the adjacent carbon atom, when the molecule is drawn in 

an extended zig-zag representation (such as that drawn 

for coit5>ounds of formula XI, XV, XXII, XXIII and XXXI). 

If both OH and D reside on the same side of the plane 

defined by the extended backbone of the compoxmd, the 

stereochemistry of the hydroxyl will be referred to as 

-syn- . If OH and D reside on opposite sides of that 
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plane, the stereochemistry of the hydroxyl will be 
referred to as "anti". 

The term "heterocyclic" refers to a stable 5- 
7 membered monocycle or 8-11 membered bicyclic 
5 heterocycle which is either saturated or tinsaturated, 
and which may be optionally benzofused if monocyclic. 
Each heterocycle consists of carbon atoms and from one 
to four heteroatoms selected from the group consisting 
of nitrogen, oxygen and sulfur. As used herein, the * 
10 terns -nitrogen and sulfur heteroatoms- include any 
oxidized form of nitrogen and sulfur, and the 
quatemized form of any basic nitrogen. The 
heterocyclic ring may be attached by any heteroatom of 
the cycle which results in the creation of a stable 
15 structure. Preferred heterocydes defined above 
include, for example, benzimidazolyl , imidazolyl, 
imidazolinoyl, imidazolidinyl , quinolyl, isoguinolyl, 
mdolyl, pyridyl, pyrroiyi, pyrrolinyl-, pyrazolyl, 
pyrazinyl, quinoxolyl, piperidinyl, morpholinyl, 
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl, 
S-carbolinyl, tetrazolyl, thiazolidinyl, benzofuanoyl 
thiamorpholinyl sulfone, benzoxazolyl , oxopiperidinyl , 
oxopyrroldinyl, oxoazepinyl, azepinyl, isoxazolyl, 
tetrahydropyranyl, tetrahydrof uranyl , thiadiazoyl' 
benzodioxolyl. thiophenyl, tetrahydrothiophenyl and 
sulfolanyl. 

The terms "HIV protease- and "HIV aspartyl 
protease- are used interchangeably and refer to the 
aspartyl protease encoded by the human immunodeficiency 
30 virus type 1 or 2. In a preferred embodiment of this 
invention, these terms refer to the human 
immunodeficiency virus type 1 aspartyl protease. 

The term -hydrophobic" refers to a moiety 
which tends not to dissolve readily in water and is 
35 often fat-soluble. Hydrophobic moieties include, but 
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are not limited to, hydrocarbons, such as alkanes, 
alkenes, alkynes, cycloalkanes , cycloalkenes , 
cycloalkynes ajad aromatic hydrocarbons, such as aryls, 
certain saturated and unsaturated heterocycles and 
5 moieties that are substantially similar to the side 
chains of hydrophobic natural and unnatural a- amino 
acids, including valine, leucine, isoleucine, 
methionine, phenylsaanine , of- amino isobutyric acid, 
alloisoleucine, tyrosine, cmd tryptophan. 
10 The term "siibstantially hydrophobic" refers 

to a hydrophobic moiety which may optionally contain 
polar atoms or groups in the region of the moiety which 
are solvent exposed when the con5)ound is boumd in the 
active site of an aspartyl protease. 

The term "linker moiety" refers to a group 
within a coit5)ound, said group consisting of a backbone 
of 1-6 atoms selected from the group consisting of C, 
N, 0, S and P, said backbone being substituted with, 
fused to or otherwise associated with a substantially 
hydrophobic group capable of associating with the P^^ or 
Pj^' binding pocket of an HIV aspartyl protease when 
said compound is bound thereto. In alternative 
embodiments of this invention, such linker moieties may 
optionally be substituted with a group or groups which 
occupy a volume of space overlapping with the volume of 
space that would be filled by a native substrate of HIV 
aspartyl protease or a nonhydrolyzable isostere 
thereof . 

The term "more highly polarizable than a 
carbonyl" refers to a moiety having a polarizability 
(a) greater than that of a carbonyl group of a 
corresponding aldehyde, ketone, ester or amide moiety. 

The term "pharmaceutically effective amount" 
refers to an amount effective in treating HIV infection 
in a patient. The term "prophylactically effective 
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amount" refers to an amoxont effective in preventing HIV 
infection in a patient. As used herein, the term 
"patient" refers to a xnammal, including a human. 

The term "pharmaceutically acceptable carrier 
or adjuvant- refers to a non-toxic carrier or adjuvant 
that, may be administered to a patient, together with a 
coii?)ound of this invention, and which does not destroy 
the pharmacological activity thereof. 

As used herein, the con^jounds of this 
invention, including the caii?)ounds of formula I, are 
defined to include pharmaceutically acceptable 
derivatives thereof. A -pharmaceutically acceptable 
derivative- means any pharmaceutically acceptable salt 
ester, or salt of such ester, of a compound of this 
xnvention or any other caapmmd which, upon 
administration to a recipient, is capable of providing 
(directly or indirectly) a con^jound of this invention 
or an anti-virally active metabolite or residue 
thereof . 

Pharmaceutically acceptable salts of the 
compounds of this invention include those derived from 
pharmaceutically acceptable inorganic and organic acids 
and bases. Exaii?,les of suitable acids include 
hydrochloric, hydrobromic, sulfuric, nitric 
perchloric, fumaric, maleic, phosphoric, glycollic. 
lactic, salicylic, succinic, toluene-p-sulfonic 
tartaric, acetic, citric, methanesulfonic, formic 
benzoic, malonic, naphthalene-2- sulfonic and 
benzenesulfonic acids, other acids, such as oxalic, 
whxle not in themselves pharmaceutically acceptable, 
inay be enployed in the preparation of salts useful as 
intermediates in obtaining the confounds of the 
invention and their phanr^ceutically acceptable acid 
addition salts. 
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Salts derived from appropriate bases include 
alkali metal (e.g., s dium) , alkaline earth metal 
(e.g., magnesitun) , ammonium and N- (C^,^ alkyl)^* salts. 
The term "thiocarbamates" refers to com- 
5 poxinds containing the functional group N-SOj-o. 

The coaipounds of this invention contain one 
or more asymmetric carbon atoms and thus occur as 
racemates and racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers . 
10 All such isomeric forms of these con?)ounds are 

expressly included in the present invention. Each 
stereogenic carbon may be of the R or S configuration. 
The explicitly shoira hydroxyl is also preferred to be 
syn to D. in the extended zig-zag conformation between 
the nitrogens shown in con?5o;inds of formula I. 

Combinations of substituents and variables 
envisioned by this invention are only those that result 
in the formation of stable con?)ounds. The term 
-stable-, as used herein, refers to con^jounds which 
possess stability sufficient to allow manufacture and 
administration to a mammal by methods known in the art 
Typically, such con^jounds are stable at a temperature 
of 40«C or leas, in the absence of moisture or other 
chemically reactive conditions, for at least a week. 

The coii?,ounds of the present invention may be 
used in the form of salts derived from inorganic or 
organic acids. Included among such acid salts, for 
example, are the following: acetate, adipate, 
alginate, aspartate, benzoate, benzenesulfonate 
bisulfate, butyrate, citrate, can^jhorate, can^jh- 
orsulfonate, cydopentanepropionate, digluconate 
dodecylsulfate, ethanesulf onate , fumarate, glucohepta- 
noate, glycerophosphate, hemisulfate, heptanoate, hexa- 
noate, hydrochloride, hydrobromide , hydroiodide, 2- 
35 hydroxyethanesulf onate, lactate, maleate 



20 



25 



30 
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methanesulfonate, 2-naphthalenesulfonate. nicotinate 
oxalate, painoate, pectinate, persulfate, 3- 
Phenylpropionate, picrate. pivalate, propionate 
succinate, tartrate, thiocyanate, tosylate and ' 
3 xindecanoate . 

This invention also envisions the 
quatemization of any basic nitrogen- containino 
Of the confounds disclosed herein The basL If 
can he itemized with any agents 2l T:^Z7r 
10 ordxnary skill in the art including, for ? 

SitidT^:Lr ^^^'ZT 

cnioride, bromides and iodides, dialfcyl sulfates " 
including di«ethyl. diethyl, dibutyl L«l 
sulfates, long cbain Glides suck I ^i^' 
15 msnristyl and stearyl chlorides , bromideTL 

and arallcyl halides including benz^^^ T ^' 
bro^des. v^ter or =il-so Jif^Ls^^T. 
«y be Obtained by sucb guetemizatio^ 

^0 those Of .ZZt °' ^ ^vention are 



25 



A-(B>x-N-<!H-CH-CH2-fH-S0j-e 
H OH D- 

(I) 

wherein: 

net, -R^.H*t,'^"'r.^al^ ^^'^^ «, 

substituted ;itb c^'e orlTe' ""^ "^"""^"^ 
.roup consisting of b^L^" cTair*""" ""^ 

allcenyl, which «y be optional, J ' 
or ^re groups seLcteff ™^ substituted with one 

from the group consisting of 
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hydroxy, C^-c^ alkoxy, Het, -0-Het, -NR^-CO-N{R^) (R^) 
and -CO-N(R^) (R^) ; 
: each R^ is independently selected from the 

group consisting of -C(0)-, -SCOj-, -C(0)-C{0)-, -0- 
5 -: C(0)-, -0-S(0)2, .NR^-S(0)2-. -NR^-CCO)- and -NR^-CCO)- 
C(0)-; 

: each Het is independently selected from the 

• group consisting of C3-C7 cycloalkyl; Cg-C, 

cycloalkenyl; Cg-C^^Q aryl; and 5-7 membered saturated or 
10 : unsaturated heterocycle, containing one or more 

heteroatoms selected from N, N{R^) , 0, S and 8(0),^, 
; wherein said heterocycle may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 
IS the group consisting of 0x0, -OR*. -R^, -N(R*) <R*) , 

-r2-0H, -CN, -CO^R^. -C{0).N(r2)(r2). -S (0) ^-JSUR^) (R^) , 
-N(r3).C(0)-R2. -C(0).r2, -S(0)„-r2, -OCPj, -S(0)„-Ar, 
methylenedioxy, -NCR^) -S (O) j (R*) , halo, -CP3, -N0°, Ar 
and -0-Ar; 

20 each r2 is independently selected from the 

group consisting of H and C^-C^ allcyl optionally 
substituted with Ar; 

B, when present, is -N(r2) -c(r3) (r3) -c (o) - ; 
x is 0 or 1; 

2S each r3 is independently selected from the 

group consisting of H, Het, q-c^ allcyl, C^-Cg alkenyl, 
Cj-Cg cycloalkyl and Cg-Cg cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^. -C(0)-NH-r2, -s(0) - 
N(r2)(r2), Het, -CN, .SR^ -CO^R*, NR'-C(0)-r2. ° 
each n is independently 1 or 2; 
D and D' are independently selected from the 
group consisting of Ar; C^-c^ alkyl, which may be 
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optionally substituted witt one or more groups selected 

from Cj-Cg cycloalkyl, -OR., -R^, -0-Ar and Ar; C^-C^ 

alkenyl, which may be optionally substituted with one 

or more groups selected from the group consisting of 

5 Cg-Cg cycloalkyl, -OR^, -R^, -0-Ar and Ar; Cg-Cg 

cycloalkyl, which may be optionally siibstituted with or 

fused with Ar; and Cg-C^ cycloalkenyl , which may be 

optionally substituted with or fused with Ar; 

each Ar is independently selected from the 

10 group consisting of phenyl; 3-6 membered carbocyclic 

ring and 5-6 memberer. heterocyclic ring containing one 

or more heteroatoms selected from O, N, S, S(0) and 
2 n 

N(R ) , wherein said carbocyclic or heterocyclic ring 
may be saturated or xinsaturated and optionally 
IS substituted with one or more groups selected from the 
group consisting of oxo, -OR^, -R^, -NtR^XR^), -N(r2)- 
C(0)-r2, -R^-oh, -CK. -COjR^. -C(0)-N(r2) (r2), halo and 

E is selected from the group consisting of 
20 Het; O-Het; H-t-Het; -O-R^; -NR^R^; c^-Cg alkyl. which 
may be optiorally substituted with one or more groups 
selected fro a the group consisting of R* and Het; Cj-Cg 
alkenyl, wh.ch may be optionally substituted with one 
or more grc.ups selected from the group .consisting of R* 
25 and Het; C3-C5 saturated carbocyde, which may 

optionally be substituted with one or more groups 
selected from the group consisting of R* and Het; and 
Cg-Cg unsaturated carbocycle, which may optionally be 
substitated with one or more groups selected from the 
group consisting of R* and Het; and 

each R* is independently selected from the 
group consisting of -OR^. .C(0)-NHr2, -sco^-nhr^, halo, 
-Nr2 3(0) -r2 and -CN. 



30 
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Except where expressly provided to the 
contrary, as used herein, the definitions of variables 
A, R^-R*, Het, B, X, n, D, D\ Ar and E are to be taken 
as they are defined above for the conpounds of formula 
5 I. 

According to one embodiment of this 
invention, a subclass of congoundfl are those conqpounds 
of fonmila I, and pharmaceutically acceptable salts 
thereof , wherein : 

10 A is selected from the group consisting of H; 

-R^-Het? -R^-Cj^-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^^-C^ alkoxy, Het and -0- 
Het; and -R^-Cj-Cg alkenyl, which may be optionally 

IS substituted with one or more groups selected from 
hydroxy, C^^-C^ alkoxy, Het and -0-Het; 

each R^ is independently selected from the 
group consisting of -C(0)-, -SCO)^-, -C(0)-C(0)-, 
-0-C0-, -O-S(0)2- -NR^-S(0)2-; 

20 each Het is independently selected from the 

group consisting of Cj-Cy cycloalkyl; Cg-C^ 
cycloalkenyl ; Cg-C^^ aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, 0 and S, which may 

25 optionally be benzofused; wherein cuiy member of said 
Het may be optionally stibstituted with one or more 
substituents selected from the group consisting of oxo, 
-Or2, -r2, -N(r2)2, -R^-OH, -CN, -COjR^, -C(0)-N(R^)2 and 
-S(0)2-N{r2)2; 

30 each R is independently selected from the 

group consisting of H and C^-C^ ^J^l? 

B, when present, is -NH-CH{R^) -0(0) - ; 
X is 0 or 1; 
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^ is selected from the group consisting of 
Het, C^-Cg alkyl. c^-C, alkenyl. C^-c, cycloalkyl and 
Cj-Cg cycloalkenyl, wherein any member of said may be 
optionally substituted with one or more substituents 
5 selected from the group consisting of -OR*, -C(0).NH- 
R , -S{0>^-N(r2)2, Het and -CN; 
n is 1 or 2; 

D and D- are independently selected from the 
group consisting of Ar; c^-c, alkyl, which may be 
10 optionally substituted with C3-C, cycloalkyl or Ar- C - 
C, alkenyl, which may be optionally substituted with 
C, cycloalkyl or Ar,- C3-C, cycloalkyl, which may be 
optionally substituted or fused with Ar; and c -c 

15 rT'f "'^^"'^ optionally substituted' or 

15 fused With Ar; with the proviso that when D is attached 
to N, D may not be methyl or alkenyl; 

nh.nvi . f ^™ ^roup consisting of 

Phenyl; 3-6 membered carbocyclic ring and 5-6 mem^ered 

20 IIIZIZT heteri::! 
20 selected from o, N and S, wherein said carbocyclic or 

ZZZT""" or unsatu^ed a:: 

ZcL Tl ^-^-i-uted With one or more groups selected 
from the group consisting of 0x0, -0R^ -r^ .n(r2j 

»«'..c,o,.^ ....OH, -a.. .00,.=, -c.o,.k.»,,;L^I- ■ 

Het „ .3^ BBlected fron. the group consisting of 
itutea With one or ^re or Het; c,.c. ^.e^ 

or Het, C3.C, saturated carbocycle. which nmy optionallv 
be suhstituted with one or n^re or Het; aL c T 
unsaturated carbocycle. ,*ich n«y optionally he ' ' 
substituted with one or more R« or Het; 
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each R is independently selected f ream the 
group consisting of -OR^, -C{0)-NHR^, -StO^-NHR^, halo 
and -CN; and 

each R^ is independently selected from the 
5 group consisting of H and R^, with the proviso that at 
least one R^ is not H. 

A preferred subclass of compounds of this 
invention are those conpoimds of formula I having a 
molecular weight of less than about 700 g/mole. More 
0 preferably, the subclass of compounds of formula I have 
a molecular weight of less than about GOO g/mole. 

Other preferred subclasses of this invention 
are those compoxinds of formulas XXII, XXIII and XXXI: 




r3 r3' oh D' 
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whereia A, R^, Het, D, D' , x and E are as defined above 
for cc^ounds of fomnila I. For ease of reference, the 
two E^; moieties present in formula XXXI have been 
labeled and R^' . 
5 • For conpoxinds of formula XXII, most preferred 

con?)oiaids are those wherein A is R^-Het and D' is Cj^-C3 
alkyl pr C3 alkenyl, wherein said alkyl or alkenyl may • 
optioially be substituted with one or more groups 
selected from the group consisting of C^-Cg 

10 cydoalkyl, -ORj, -0-Ar and Ar (with all other 

variables being defined as above for conpounds of 
formula i) . Por con?>ounds of formula XXIII, most 
preferred con?)ounds are those wherein R^ is C^-Cg alkyl, 
C^-Cg alkenyl, Cg-Cg cycloalkyl, Cg-Cg cycloalkenyl or a 

IS 5-6 manbered saturated or unsaturated heterocycle, 
wherein any member of said R^ may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR*, -C(0)-NH-R*, - 
S^{0)„N<Ra) (r2), Het, -CN, .SR», -C (0) ^R* alld NR^-C (0) - 

20 r2 and D- is q-Cg alkyl or C3 alkenyl, wherein said 

alkyl or alkenyl may optionally be substituted with one 
or more groups selected from the group consisting of 
Cj-Cg cycloalkyl, -OR^, -o-Ar and Ar (with all other 
variables being defined as above for compounds of 

25 formula I) . 

Por con?)ounds of formula XXXI, most preferred 
coit?)ounds are those wherein A is R^-Het, each R^ is 
independently q-Cg alky.l which may be optionally 
substituted with a substituent selected from the group 
30 consisting of -0R^ -C(0)-NH.R^ -S (0)„N(r2) (r2) , Het, - 
CN, .SR^ -co^R* and -Nr2.c(0)-r2; d- is c.-c, alkyl, 
which may be optionally substituted with a group 
selected from the group consisting of Cg-Cg 
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cycloalkyl, -DR^, -0-Ar; and E is Het, Het-Het ajid 

Sulfonamides of this invention include the 
following specific compoiinds contained in Tables I-VI. 
5 lu Tables I-IV and VI, A is attached through the right- 
most bond, unless otherwise expressly noted. All other 
substituents in Tables I-VI are attached via the left- 
most bond, xinless otherwise expressly noted. 
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TABLE II 



OH D* 
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48 


^ — ' 0 


CH3 
/-CH3 


— ^ \— NHCOCHi 


49 


>r T 

« 0 


CH3 




50 


' 0 


CH3 
/-CH3 


M 

F 


51 




CH3 
/-CH3 




52 


H 

^ — ' 0 


CHa 
-CH2 
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NHCOCHj 

Ct 
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OU 


^ — ' o 


CH3 

-CH2 




£.1 
Ol 
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/-CH3 


^"i^ 7— NHCOCHi 


oz 


' O 


CH3 

/-CH3 

-Ch4 


NO2 


63 
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/-CH3 
-CH2 


/~\ 

NO2 


64 


' 0 


/-CH3 
-CHj 




65 




CH3 

)-CH3 
-CH2 
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or 


^ — ' 0 


CH3 
/-CH3 

-CHj 




67 


o 

11 

o 


CH3 
)--CH3 
-CHj 


f ^ — NHCOCHi 


68 


' 0 


CH3 
)--CH3 


— N 

CH3 






CH3 


/ "» 

— N 

CH3 


70 


NHCOCH3 


CH3 

/-CH3 
-CKj 


NHCOCH3 


71 


CH3 
CH3 


CH3 
/-CH3 





wo 94/05639 



PCr/US93/08458 



- 36 - 





CH3 

^M-S02- 

CH3 


CH3 

-CH2 


CH3 

— N 

CH3 


7J 


OCH3 

OCH3 


CH3 


NHCOCH3 
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' 0 




/ \ 
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pHa 

-< 

CH3 


>^ — ^ 


76 


' 0 


Kl PI 
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82 


0 
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120 


T 

0 


CH3 

-CH2 


— f 7— NHCOCHi 
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T 
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CH3 

-CH2 




122 


T 
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CH3 

/-CH3 

-CH2 




123 




CH3 

/-CH3 

-CH2 


— ^_^H. 

OCH, 
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CH3 

/ ^"3 

-CH2 


F 
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NHCOCHb 
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TABLE IV 
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TABLE V 
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OH D' 
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Preferred canipounds of tliis invention are*: 
(S) -N-1- (3- ( (3-Ac tylainino-4-fluoro- 
benzenesiilfonyl) -benzyl-amiao) - (1S,2 syn) -1 -benzyl -2 - 
hydroxy-propyl) -2- ( (quinoline-2-caxbonyl) -amino) - 
5 succinamide and (S) -N-1- (3- ( {4-Acetylalnino-3-fluoro- 
benzenesulfalyl) -benzyl -amino) - (IS, 2 syn) - 1 -benzyl- 2- 
hydroxy-propyl) -2- { (qua noline- 2 - carfaonyl ) -amino) - 
succinamide (confounds 2) ; 

(S) -N-It- (3- ( (5-Acetylamino-3-met:hyl-thiophene-2-* 
10 snlfonyl) -benzyl-amino) - (1S,2 syn) -l-benzyl-2 -hydroxy- 
propyl) -2- ( (qiiinoline-2-carbonyl) -amino) -succinamide 
(conpound 5) ; 

(S) -N-1- (l-Benzyl-3- (benzyl- (S-isoxazol-3-yl- 
thiophene-2-sulf onyl) -amino) - (13,2 syn) -l-benzyl-2- 
15 hydroxy -propyl) -2- ( (quinoline-2-cart5onyl) -amino) - 
succinamide . ( compouTirt 6) ; 

(S)-N-l- (3- ( (Benzo(l,2,5)oxadiazole-4-sulfonyl) - 
benzyl -ami no) - (IS, 2 syn) -l-benzyl-2 -hydroxy-propyl) -2- 
( (guinoline-2-carbonyl) -amino) -succinamide (confound 
20 9); . 

N-l- (1- (S) -Benzyl-3- (benzyl- (3-sulfamoyl- 
benzenesulf onyl ) -amino) -2- (syn) -hydroxy-propyl) -2- 
( (quinoline-2-carbonyl) -amino) -succinamide (compound 
10) ; 

25 (S) -N-l- (1- (S) -Benzyl-2- (syn) -hydroxyl-3- 

(isobutyl- (5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(coiopoiind 12) ; - 



* As can be appreciated by those of ordinary skill 
30 in the art, many different conventions are used in 
naming chemical conqpounds* Because of possible 
discrepencies in the art of chemical nomenclature, the 
structures shown in Tables I-VT herein are controlling 
for the definition of con5)ounds 1-195 of this 
35 invention. 
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(S) -N-1- (3- ( (4-Beii2eiiesiilf onjrl-t:hiophene-2- 
sxilfonyl) -isobutyl- amino) - (IS, 2 syn) •l-benzyl-2- 
hydroaqf-propyl) -2- ( (quiiioline-2-carbonyl) -amino) - 
succinamide ( conpoxind 13) ; 
5 (S) -N-1- (1- (S) -Benzyl-3- { (4-fluoro- 

benzenesulf onyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) - succinamide 
(compound 14) ; 

(S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 
10 benzenesulf onyl) -isobutyl -amino) - (IS, 2 syn) -1 -benzyl - 
2-hydro3^-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (compound 15) ; 

(S) -N-1- (3- ( (3-Acetylamino-4-fluoro- 
benzenesulfonyl) -isobutyl -amino) - (IS, 2 syn) -1-benzyl- 
15 2-hydroxy-propyl) -2- { (guinoline-2-carbonyl) -amino) - 
succinamide (compound 16) ; 

(S) -N-1- (1- (S) -Ben2yl-3- ( (4-acetylamino- 
benzenesulf onyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (guinoline-2-carbonyl) -amino) -succinamide 
' 20 (confound 17) ; 

(S) -N-1- (3- ( ( 5 - Acetylamino - 3 -methyl - thiophene - 2 - 
sulfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conpoimd 18) ; 
25 (S) -N-1- (3- ( (3-Acetylamino-ben2enesulfonyl) - 

isobutyl -amino) - (IS, 2 syn) -l-benzyl-2-hydroxy-propyl) - 
2 - ( ( guinoline - 2 - carbonyl ) - amino ) - succinamide ( confound 

19) ; 

(S) -N-1- (3- ( (Ben2o(l,2,5)oxadiazole-4-sulfonyl) - 
30 isobutyl -amino) - (IS, 2 syn) -l-ben2yl-2-hydroxy-propyl) - 
2 - ( ( guinoline - 2 - carbonyl ) - amino ) - succinamide ( confound 

20) ; 

N-1- ( (lS-2 syn) -l-Ben2yl-2-hydroxy-3- (l-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
35 carbonyl) -amino) -succinamide (confound 21); 
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N-1- (3- ( (4-Acetylainino-beiizenesiilfonyl) -isobutyl- 
amino) - (IS, 2 syn) -l-benzyl-2-liydr<M^-propyl) -2- 
(pyridin- 2 -yl -methos^carbonyl ) - succiaainide ( ccopound 

22) ; 

5 N- 1 - ( 3 - { (4 -Acetylamiao-benzenesulf oayl ) - isobutyl - 

amino) - (IS, 2 syn) -l-benzyl-2-hydxo3^-propyl) -2- 
(pyridia - 4 -yl -methoxycarbcjayl ) - succinamide ( coii5)ound 

23) ; 

N-1- (i- ( (4 -Pluoro-beazenesulfoi^l) -isobutyl - 
10 amino)- (IS, 2 syn) •l-benzyl-2-hydroxy-propyl) -2- 

(pyridin- 2 -yl -methoxycarbonyl ) - succinamide ( coapaaad 
26); 

4-Pluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-S-yloocycarboxr^lamiao) -butyl) -N- 
15 isobutyl -benzenesulfonamide (compoxind 35) ; 

3,4-Dichloro-N- ( (2 8yn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetraliydroftiran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulfonamide (conpound 37) ; 

N- (4- ({ (2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin- 
S-yl-methoxycarbonylamino) -butyl) - isobutyl -sulfamoyl) - 
phenyl) -acetamide (con^oiud 44) • 

2 , 4 -Dimethyl - thiazole- 5 - sulfonic acid- ( i . i - 
dimethyl -ethoxycarbonylamino) - (2 syn,3S) -2-hydroxy-4- 
phenyl- butyl) -isobutyl -amide (coii?)ound 46); 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (coii?)ound 48) ; 

4-Fluoro-N- ( (2 8yn,3S) -2-hydroxy-4-ph^yl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulfonamide and 4-Fluoro-N- ( (2 syn,3S)- 
2-hydroxy-4-phenyl.3- ( (R) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -N-isobutyl- 
benzenesulf onamide (conqpounds 52) ; 

Benzo (1,2, 5 )oxadiazole- 5- sulfonic acid ((2 
8yn,3S) -2-hydroxy-4-phenyl-3- (pyridin-3-yl- 
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methcaxycaxbonylamino) -butyl) -isobutylamide (canpoimd 
66); 

N- (4- ( ( (2 flyn,3S) -2 -Hydroxy- 4 -phenyl -3.-.( (R) - 
tetrahydrof uran- 3 -yloa^carbonylamiao) -butyl) Kisobutyl - 
sulfamoyl -phenyl) -acetamide and N- (4- ( ( (2 syn,3S) -2- 
Hydroxy-4 -phenyl -3- ( (S) -tetrahydrofuran-3- 
yloyycarbonylaTni no) -butyl) -isobutyl- sulfamoyl) -phenyl) 
acetamide (cozzipoiuds 86) ; 

N- <2-Pluoro-5- ( ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ' 
( (S) - tetrahydrof uran- 3 -yloxycarbonylamino) -butyl) - 
Isobutyl - sulfamoyl ) - phenyl ) - acetamide ( compound 88); 

N- (3- ( ( (2 synr3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) - isobutyl - 
stilf amoyl) -phenyl) -acetamide (confound 91) ; 

4-Fluoro-N- ( (2 Byn,3S)-2-hydro3cir-4-phenyl-3- ( (R) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl-benzehesulfonamide (conpound 93); 

N- (4- ( ( (syn) -2-Hydro3^- (S) -4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -os^carbonylamino) -butyl) - 
isobutyl -sulfamoyl) -phenyl) -acetamide (con?)ound 94); 

4-Fluoro-N- (2 syn,3S) -2-hydro3qr-4-phenyl-3- 
( {tetrahydro-furan- (R) -3-ylmethoxycarbpnylamino) - 
butyl) -N-isobutyl-benzenesulfonamide and 4-Fluoro-N- (2 
syn,3S) -2-hydroxy-4 -phenyl -3- ( (tetrahydro-furan- (S) -3- 
ylmethoxycarbonylamino) -butyl) -N-isobutyl- 
benzenesulfonamide (conpoiinds 97); 

4.Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
{pyridin-3-yl-methoxycarbonylamino) -butyl) -N-isobutyl- 
benzenesxilf onamide (compound 98) ; 

4-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) - isobutyl - 
benzenesulf onamide (confound 99); 

N- { (2 syn,3S) -2-Hydroxy-4-phenyl-3. ( (S) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl-4-methoxy-benzenesulfonamide (con5)ound 100) ; 
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4-Fluoro-N- (2- (syn) -hydroxy-3- ( (2-oxazolidon- (S) - 
4-yl) -methoacycarbonylainino) -4- (S) -phenyl -butyl) -N- 
isobutyl-benzenesiilf onami de (ccxDpound 109) ; 

Benzene- 1, 3 -disulfonic acid 1- amide 3- ((2 syn,3S}- 
5 2 -hydroxy- 4-phenyl-3- (3- (S) -tetrahydrofuran-3- 

ylGxycsLTbonylamino ) - butyl ) - isobutyl - amide ( ccai5)ound 
112) ; 

Puran- 3 -sulfonic acid (2 syn»3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
10 butyl) -isobutyl -amide (compound 113) ; 

N- ( (3-Allyloxycarbonylamino) • (2 Byn/3S) -2-hydro3^- 
4-phenyl-butyl) -N-cyclopentylmethyl-4-fluoro- 
benzenesulfonamide (ccopound 114) ; 

N-Cyclopentylmethyl-N- ( (3-eth03qrcarbonylamino) - (2 
15 syn,3S) -2-hydroxy-4-phenyl-butyl) -4-fluoro- 
benzenesulfonamide (canapaoixA 115); 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2- 
hydro3cy-4 -phenyl -3- { (S) -tetrahydrofuran-3- 
yloaq^carbonylamino) -butyl) -benzenesulf onamide (coii?)ound 
20 116); 

4-C3iloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydraxy-4. phenyl- 3- (pyridin-3yl-methoxycarbonyl) - 
butyl) -benzenesulf onamide (cazi5)ound 118); 

N- (4- (Cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4- 
25 phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -sulfamoyl) -phenyl) -acetamide (con?)ound 125) ; 

3-Chloro-N- { (2 syn,3S) -2-hydrQxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulf onamide (conqpoiind 138) ; 
30 4-Chloro-N-cyclopentylmethyl-N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon- 4- (S) -yl-methyl) -oxycarbonylamino) -4- 
phenyl-butyl) -benzenesulf onamide (conpound 139); 

N- cyclopentylmethyl -N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl - 3 - ( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
35 butyl) -4-methoxy-benzenesiilfonamide (conpoxmd 140) ; 
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N- { O-allyloxycaxbonylamino) - (2 Byn,3S) -2-hy<iro3cy- 
4 - phenyl - butyl ) - N- cyclopentylmethyl - 4 -me thoxy - 
benzenesulfonamlde (coxxpotind 141); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
5 phexiyl-3- (3-pyridin-3-yl-ineth03cycarbonylaxnino) -butyl- 
4-xnethQxy-bexizenesul£onainide (cacopoxind 142) ; 

Pyridine- 3 -sulfonic acid ( (2 syn,3S) -2-hydrc3xy-4- 
phenyl-3- ( (S) - tetrahydrof uran- 3 -yloxyceuAonylainino) - 
butyl) -isobutyl- amide, trifluoroacetic acid salt 
10 (congound 144) ; 

5 - Isoxazol - 3 - yl - thiophene- 2 - sulf nna c acid ( (2 
syn , 3S ) - 2 - hydroxy- 4 -phenyl - 3 - ( (S ) - tetrahydrofuran- 3 - 
yloxycarbonylami no) -butyl) -isobutyl- amide (compound 
145) ; 

15 N-(4-((3-{Allylo3cycarbonylamino)-(2 syn,3S)-2- 

hydroxy-4-phenyl-butyl) -cyclopentylmethylsulf amoyl) - 
phenyl ) - ace tamide ( coxtp otmd 14 6 ) ; 

N- (4- (Cydopentylmethyl- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- (pyridin-3-yl-methoxycarbonylamino) -butyl) - 
20 sulfamoyl) -phenyl) -acetamide (conpoimd 147) ; 

N- Cydopentylmethyl -N- { (2 syn,3S) -2-hydro3cy-4- 
phenyl-3- { (S) - tetrahydrof uran-3-yloxycarbonylamino) - 
butyl) -benzenestilf onamide (coznpoimd 148) ; 

Pyridine- 3 -sulfonic acid cydopentylmethyl- ( (2 
25 syn,3S) -2-hydro3^-4-phenyl-3- ( (S) - tetrahydrof xiran- 3- 
yloxycarbonylamino) -butyl) -amide (conpound 149) ; 

Piperidine-1 -sulfonic acid ((2 syn,3S) -2-hydroxy- 
4-phenyl-3- ( (S) - tetrahydrofuran- 3 -yloxycaxbonylamino) - 
butyl) - isobutyl -amide (conqpound 150) ; 
30 N-4- ( (2- (syn) -Hydroxy-3- { (2-methoxymethyl- 

allyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl- 
sulf amoyl) -phenyl) -acetamide (coii5)ound 155) ; 

l-Acetyl-2,3-dihydro-lH-indole-6-sulfonic acid 
( ( allyloxycarbonylamino ) - ( 2 syn , 3S ) - 2 - hydroxy - 4 - phenyl 
3 5 butyl ) - cydopentylmethyl - amide ( con^jound 15 6 ) ; 
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l-Acetyl.2,3-dihydro-lH-indole-6-8ulfoxiic acid 
cyciopentyljnethyl- ( (2 syn,3S) -2-hydroxy-4 -phenyl -3- 

( (SI -tetrahydrofiiran-3-ylc33tycarboi^lainino) -butyl) -amide 
(ccB^ound 157) ; 

^ N-Cyclohexylmetliyl-N- ( (2 syn,3S) -2-hydroxy-4- 

phabyl-3- ( (S) -tetrahydrofuran-3-ylo3cycarbonylainixio) - 

but^l) -4-xnethoacy-beazeneBulfonaiaide (conpound 158); 

N-Cycloliexylniethyl-4-fluoro-N- {j(2 8yn,3S)-2- 

hy*ra3cy-4-phenyl-3- ( (S) -tetral^drofuraii-s- 

ylcbcycarbonylandno) -butyl ) -b^xzenesulf onamide ( coii?)ound 
15^ ; 

• N-(4-(Cyclohexylinetliyl)-({2 8yn,3S) -2-hydroxy-4- 
phflBlyl-3- ( (S) -tetrahydrof;jran-3-yloxycarbonylainino) - 
butprl) -stilfamoyl -phenyl) -acetamide (confound 160); 

I N-((2 8yn,3S)-2-Hydroxy-4-phenyl-3-(pyridin-4-yl- 
metaicaxycarbonylainino) -butyl) -N-isc3butyl-4-methoxy- 
beazenesulfonamide (cco^aund 163) ; 

N-((2 sya,3S)-2-Hydroxy-4-phenyl-3-{(syn)- 
tetrahydrofuraa-3-yloxycarbonylainino) -butyl) -N- 
isobutyl- 4 -methyl -benzenestilfonafflide (con^jound 165) ; 

. N-cyclopentylmethyl-4-hydrc»y-N-( (2 syn,3S)-2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-metho3^carbonylamiao) - 
butyl) -benzenesulfemamide (con^jound 166) ; 

N-((2 sya,3S)-2-Hydroxy-4-phenyl-3-((S)- 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl*4-nitro-bea2eneBulfonamide (coo^jound 167); 

4-Amiao-N- ( (2 syn.3S) -2-Hydroxy-4-phenyl-3- { (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfoaamide (con?»ound 168) ; 

N-Cyclopentylmethyl-4-hydroxy.N- ( (2 syn, 3S) -2- 
hydroxy- 4 -phenyl - 3 - ( (S ) - tetrahydrof uran- 3 - 

yloxycarbonylamino) -butyl) -benzenesulf onamide (coiroound 
169); 
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N-Cydopentylmethyl-N- ( (2 syn , 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrof uran-3-ylo3cycarbonylamino) - 
butyl) -4-nitro-benezensulfonamide (compound 170); 

4 -Amino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
hydroxy-4-ph«nyl-3-( (S) -tetrahydrof uran-3 - 

yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
171); 

2 r4-Diaaino-N-cyclopentylmethyl-N-( (2 syn, 3S) -2- ' 
hydroxy-4-phenyl-3-( (S) -tetrahydrof uran-3 - 

yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
173); J 

4-Hydroxy-N- (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (compound 175); 

N-Cyclopentylmethyl-4-fluoro-N-((2 syn,3S)-2- 
hydroxy-4-phenyl-3-( (s) -tetrahydrof uran-3 - 
yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 

3 ,4-Dichloro-N-cyclopenty Imethy 1-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3 - 

yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
183) ; and 

Ben2yloxycarbonyl-(L)-isoleucine-N-(5-((3-amino- 
(2 syn, 3S) -2-hydroxy-4-phenyl-butyl) -isobutyl- 

sulfamoyl)-2-fluoro-phenyl)-acetamide (compound 187); 

N-((2 syn,3S)-4-Cyclohexyl-2-hydroxy-3-((S)- 

tetrahydrof uran-3-ylcxycarbonylamino) -butyl) -N- 

cyclopentylmethyl-4-methoxy-benzenesulfonamide 
(compound 195) . 



are: 



More preferred compounds of this invention 



(S)-N-i-(i-(s) -Benzyl-2-(syn) -hydroxyl-3- 
(xsobutyl.(5-pyridin-2-yl-thiophene.2-sulfonyl)-amino)- 

P-Pyl)-2-((quinoline.2-carbonyl)-amino)-succinamide 
35 (compound 12) ; 
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(S) -N-1- (1- (S) -Benzyl-3- ( (4-fluoro- 
benzeaesulfemyl) -iaobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (qu±noliae-2-carbonyl) -amino) -succinamide 
(conpound 14) ; 

(S) -N-i- (3- ( (4-Acetylainino-3-fluoro- 
benzeneaulfonyl) -isobutyl-amino) - (is, 2 syn) -i-benzyl- 
2-hydraxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide ( compound 15); 

(S) -N-i- (3- ( (Ben2:o(i,2,5)oxadiazole-4-8ulfonyl) - ' 
iaobutyl-amino) - (IS.2 syn) -l-benzyl-2. hydroxy-propyl) - 
2- ((quxnoline-2-carbonyl) -amino) -succinamide (confound 

N-1- ( (is-2 syn) -l-Benzyl-2-hydroxy-3- (i-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (qttinoline-2- 
carbonyl) -amino) -succinamide (conpound 21) ; 

N- (4- ( ( (2 syn.BS) -2-^rdroxy-4-phenyl-3- { (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (coxnpound 48) ; 

N-((2 syn,3S)-2-Hydroxy-4-phenyl-3-({S)- 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl.4-methoxy-ben2ene8ulfonamide "(car?,ound 100). 

4-Chloro-N-cyclopentylmethyl-H-((2 syn,3S)-2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 

25 ^^°^="''°^^^^°»-^^^y^^-^«^«^esulfonamide (coapound 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3. ( (S) -tetrahydrofuran-S-yloxycarbonylamino) - 
butyl) -4-methoxy-ben2eneaulfonamide (confound 140) • 

N-Cyclopentylmethyl-N- ( (2 8yn,3S) -2-hydroxy-4^ 
30 phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino)rbutyl. 
4-methoxy-benzenesulfonainide (can5>ound 142) • 

N-Cyclopentylmethyl-N- ( (2 syn.3S) -2.hy^oxy-4- 
phenyl-3. ( (S) -tetrahydrofuran-S-yloxycarbonylZno) - 
butyl) -benzenesulfonamide (coa^jound 148) ; 



20 
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N-Cyclohexylffiethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3-( (S) -tetrahydrofuran-3-yioxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (compound 158); 

N-(4-(cyclohexylmethyl)-((2 syn,3S)-2-hydroxy-4- 
5 phenyl.3-( (S) -tetrahydrofuran.3-yloxycarbonylanino) - 
butyl) -sulfamoyl-phenyl)-acetamide (compound 160) ; 

N-cyclopentylmethyl-4-hydro3cy-M- ( (2 syn, 3S) -2- 

hydroxy-4-phenyl-3-(pyridin-3-yl-methoxycarbonylamino). 
butyl) -benzenesulfonamide (compound 166); 

10 '*-*»^o-N.((2 syn,3S)-2-Hydroxy-4-phenyl-3.((s)- 

tetrahydro£uran-3 -y loxycarbony lamino ) -butyl ) -N- 
xsobutyl-benzenesulfonamide (compound 168); 

4-Amino-N-cyclopentylmethyl-N- ( (2 syn,' 3S) -2- 
hydroxy-4-phenyl-3-( (S) -tetrahydrofuran-3- 

15 yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 

2,4-Diamino-N-cyclopentylmethyl-N-((2 syn,3S)-2- 
hydroxy-4-phenyl-3-((S)-tetrahydrofuran-3- 
20 ^':;^°"^^°"™°>™)-^-zenesulfonamide (compound 

4-Hydrbxy-N.(2 syn,3S)-2-hydroxy-4-phenyl-3.f fsw 
tetrahydrof uran-3-yloxycarbonylamin^. Jyl"!;;.' ' 
xsobutyl-benzenesulfonamide (compound 175) ; and 

. ^'^^^ ^^'^^>-'»-^°l°hexyl-2-hydroxy-3-((s)- 
25 tetrahydrof uran-3-yioxycarbonylamino) -bulyi) 'n! 

cyclopentylmetbyi-4-methoxy-benzenesulfonamide 
(compound 195) . 

=v„th • "^^ =""<»«»i<J=s Of this invention may be 
s^thesizea using conventional techniques. 
30 *^"*a5eously, these co^unds are conveniently 

synthesi^ea^f.^ .eaaiiy avaiiahie starting material.. 
The compounds of this ii^^^^^i 
rea«ly synthesized ^^ZTlZZlZZZ' 
previously described HIV protease inhih^t^rs "teT 
35 contain four or mora chir.1 . goiters ften 

nora cniral canters, numerous peptide 
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linkages and/ or require air- sensitive reagents (such as 
organometallic cco?>lexes) to effect their synthesis - 
Ttxe relative ease with which the coinpounds of this 
invention can be synthesized represents an enormous 
5 advantage in the large scale production of these 
L confounds. 

(^^yfj ^ general, sulfonamides of formula I are 

^.^^^^^ic conveniently obtained from cr- amino acid derivatives 

^ "A having the general formula A- (B)jj-NH-CH(D) -COOH, 

^^<«/Wo wherein A, B, X and D are defined as above for the 

con?>ounds of formula I. Such a-amino acid derivatives 
are often comme rciallv available* or may be conveniently 
prepared from commercially available a-amino acid 
derivatives using known techniques. See, for exaa^le, 
15 T.W. Greene and P.G.M. Wuts. "Protective Groups in 
Organic Synthesis", 2nd Ed., John Wiley and Sons 
(1991) . Although this invention envisions the use of 
/f*^ raceiiLc mixtures of such startiagv materials, when x = 

,^Ar^^ °' a single enantiomer in th/ S cok ficniratlQn ia 

% • 20 preferred. [ L--" ^ 

Using known techniques, the a-amino acid 
derivative of general formula A- (B)^-NH-CH(D) -COO H may 
be readily converted to an am-S no ketone rioT-<^«-^„^ of 
^ i ^e^e^l formula A- (B),.NH-CH(D) -co-CHj-X, wherein X is a 

J^jJ^^ leaving group which suitably activates the a- carbon 

(i.e., makes the methylene susceptible to nudeophilic 
attack) . Su itable leaving g roups are well known in the 
art and include halides and s ulfonates, such as 
methanesulfonate, trifluoromethanesulfonate or 4- 
30 toluenesulfonate X may also be a hydroxyl which is 

converted ia SitU to a leaving group (e.g. by treatment 
with a trialkyl- or triarylphosphine in the presence of 
a dialkylazodicarboxylate) . Methods for the formatio n 
of_guch_agiino ketone derivativi T Iiao are well known to 
35 those of skill in the art (see, for exaii5)le, S.J. 
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FittkB}i^^^^^ P- 3.037 (1973)). 

Alterna tively, certain amino )cetoiie derivatives ar e, 
cfimerciall^^ (e.g,, frcan Bachem Biosciences, 

ferrPfiiladelphia, Pennsylvania) . 
n 5 The amino ketone derivative may then be 

iO^^ ^ g^^^^^ correspond ing_ amino aJ-coh ol, represented 

by the formula A- (BK^^-CH{D) -CH(OH) -CH^-X. Many 
techniques for rred^ctiro ^f amino ketone derivatives 
such as A- (B)gp-NH-CH(D)-C0-CH2-X are v eil known to t hofae 

10 of ordinary skill^i n the cirt (Larock, R> C, 

^ x^^^^wr oTTrpi-g^vi ort q 4 Organic Transformations", pp. 527-547, 

"^-^fgCH-Jgubliflhars , Inc.^ 1989 an d referen c es cited ^ 

gi n) . A pref erred_£educing_^ 
borohydridef^ The reduction reaction is conducted at a 
temperatu re of from about -40 ^C to about 40^C 
(preferab ly^ at about O^^C to about 20^ C) , in a suitable 
solvent system such as, for example, aqueous or neat 
tet rahydrofuran or a lower alcoho l, such as methanol or 
"^ethanol. Although this invention envisions both 
20 stereospecif ic and non-stereospecif ic reduction of the 
amino ketone derivative A- (B) -NH-CH{D) -CO-CHj-X, 





il7 



stereoselective reduction is p referred. 
Stereoselective reduction may be a ccomplished by use of 

chiral reagents known in the art. In the present 

— 

25 ^invention, stereoselective reduction may be 

' conveniently achieved^) for instance, under non- 



chelating reducing conditions, where chiral induction 
of the newly formed hydroxyl group is set by th e 
stereochemistry of the D group (i.e. ^^elkin-Ahja^ 
30l additio n of hydride^. We particularly prefer 

stereoselective reductions wherein the resulting 
hydroxyl is syn to D. We have found that when the 
hydroxyl group is syn to D, the final sulfonamide 
product is an HIV protease inhibitor of higher potency 
35 than the anti diastereomer. 
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The hydroxyl group of the amino alcohol may 
optionally be protected by any known oxygen protecting 
group (such as trialkylsilyl , benzyl, or 
alkyloxymethyl) to yield a protected amino alcohol 
having the formula A- {B)^-NH-CH(D) -C(OR*) -CEj-X, wherein 

is H or any suitable hydroxy protecting group. 
Several use&il protecting groups are described in T.W. 
Greene and P.G.M. WutS, Protee^jirA Qroupa in Organ<r 

Svntheaia. 2d Rrt. , John Wiley and Sons (1991) . 

The amino alcohol may then be reacted with a 
nudeophilic amine conqpound to form an intermediate of 
formula III: 



1 e ' 

" A-B-NH-CH-CH-CH,-HH (III) 

I 6 I 
OR* L 

wherein D and R* are as described above, and L is 
either D' (as described for con?)ounds of formula I) or 
20 hydrogen. 

^ a p^ ^cularly advantageous synthetic' , 
scheme, simultaneous activation of the methylene and 
protection of the alcohol may be accon?>lished by 
forming an N-protected amino epoxide from the oxygen 
and its adjacent methylene to give an intermediate of 
formula II: 

A-B-NH-CH(D)-CH-aL, (tt) 

\ / 
O 

wherein A, B and D are as defined above for coii?>ounds 
of formula I. Suitable solv ent systems for preparing 
the N-protected amino epoxide include ethanol, 
methanol, isopropanol. tetrahydrofuran, dioxane, 
dimethyl formamide and the like (including mixti^es 
thereof) . S uitable bases f or producing the epoxide 



25 



30 



35 
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indiide alkali metal hydroxides, potassium t-butoxide, 
DBU and -the like. A preferred base is potassixim 
taydrqpcide. 

. ^^^actioa of tlie N- protecte d amino ep oxide~or. 
5 other suitably activated intermediates with an\ amine;::a.s 
carried out neat, i.e. in the absence of solventV or in 
the presence of a polar solvent such as lower alkanols, 
water, dimethylf ormami de or dimethylsulf oxide . The 
reaction can be caxrried out conveniently between about 

10 0«C and 120»C, preferably between about 20oc and lOO'C. 
Altepatively, the reaction may be carried out in the 
presence of an activating agent, such as activated 
alim^na in an inert solvent, preferably an ether, such 
as diethyl ether, tetrahydrofuran, dioxane, or tert- 

15 butyl methyl ether, conveniently from about room 

ten?)Brature to about llO'C, as described by Posner and 
Rogers, J. fm Chfiffl. POff., 99, p. 8208 (1977). Other 
activating reagents include lower trialkylaluminum 
species, such as triethylaluminmn, or dialkylaluminum 

20 halide species, such as diethylaluminum chloride 
(Overman and Flippin, TetrahPri^r^r, y-f^rvrrr p. 195 
(1981) ) . Reactions involving these species are 
conveniently carried out in inert solvents such as 
dichloromethane, 1,2-dichloroethane, toluene, or 

25 acetonitrile between about 0"C and about iiO'C. 

Further methods of displacing leaving groups, or 
opening epoxides with amines or their equivalents such 
as azides or timethylsilyl cyanide (Gassman and 
Guggenheim. J, ftm. C^em, Snr . 104, p. 5849 (1982)), are 

30 known and will be apparent to those of ordinary skill 
in_the art. 

Confounds of formulae II and III, and 
functionality-protected derivatives thereof, are useful 
as intermediates for the preparation of coii?)ounds of 
35 formula I. In those cases where L represents D' 
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conpounds of formula III may be converted to can?>ounds 
of formula I by reacti n with sulfonyl- activated 
species to form sulfonamides, sxilfonyl ureas, 
thiocarbamates and the like. Methods for preparing . 
such sulfonyl-activated species are well within the 
ordinary skill of the art. Topically, sulfonyl halides 
are used to obtain svaf onamides . Many sulfonyl 
halides are commercially available; others may be 
easily obtained using conventional synthetic techniqiies 
(Gilbert. E.E. -Recent Developments in Preparative 
Sulfonation and Sulfation- Synthesis 12£2: .3 (1969) and 
references cited therein; Hoffman, R.v. -m- 
Trifluoromethylbenzenesulfonyl caHoride- Org. Synth 
coll. vol. VII, John WUey and Sons (1990); Hartman,' 
G.D. et. al. -4-Substituted Thiophene-and Puran-2- 
sulfonamides as Topical Carbonic Anhydrase Inhibitors- 
J> Meg. mPTI , 35, p. 3822 (1992) and references cited 
therein. Sulfonyl ureas are usually obtained by the 
reaction of an amine with sulfuryl chloride or a 
suitable equivalent such as sulfuryl -bis- imidazole or 
sulfuryl-bis-N-methyl imidazole. Thiocarbamates are 
typxcally obtained by the reaction of an alcohol with 
sulfuryl chloride or a suitable equivalent such as 
sulfuryl -bis-imidazole or sulfuryl-bis-N-methyl 
imidazole. 

m the case of compounds of formula III 
Wherein L is hydrogen, conversion of the resultant 
primary amine to a secondary amine may be carried out 
by known techniques. Such techniques include reaction 
with an alkyl halide of alkyl sulfonate, or by reduc 
txve alkylation with an aldehyde or carboxylic acid or 
activated derivative thereof using, for instance, 
catalytic hydrogenation or sodium cyanoborohydride 
(Borch et al.. ^. ^^j, ^ ^897 (1971)). 

Alternatively, the primary amine may be acylated 
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followed by reduction with borane or an tber suitable 
reducing reagent, for eacample, as described by Cushman 
et al., J ■ Ottt. rhpm. . S6, p. 4161 (1991). This 
technique is especially useful in conqpounds of formula 
III where B is absent and A represents a protecting 
group such as tert-buto:qrcarbonyl (Boc) or 
benzyloac^carbonyl (Cbz) . 

If v ariab le A of a particular con^Dound 
of formula I represents a removable protecting group, ' 
removal of that group followed by reaction of the 
resulting amine with an appropriate activated reagent 
will advantageously yield a different coii?)ound of 
formula I. For instance, reaction with an activated 
carboxylate, such as an acyl halide (e.g., acid fluo- 
15 rides, acid chlorides, and acid bromides), an activated 
ester such as nitrophenyl ester or 1- 
hydroxysuccinimide (HOSu) ester, an anhydride such as 
the symmetrical anhydride or isobutyl anhydride, or 
mixed carbonic-phosphoric or carbonic :phosphinic anhy- 
drides, will yield the corresponding amide. Ureas may 
be obtained by reaction with isocyanates or amines in 
the presence of bis-activated carbonic acid derivatives 
such as phosgene or carbonyldiimdazole . Carbamates may 
be obtained by reaction with chlorocarbonates, with 
carbonates esterified with leaving groups such as 1- 
hydroxybenzotriazole (HOBT) or HOSu. or with alcohols ' 
in the presence of bis-activated carbonic acid 
derivatives such as phosgene or carbonyldiimdazole. It 
will be readily recognized that in order to facilitate 
specific reactions, the protection of one or more 
potentially reactive groups followed by subsequent 
removal of that group may be required. Such 
modification to the reaction schemes outlined above are 
within the ordinary skill of the art. 
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If vaxiable B of a particular compoimd of 
f ozmula I Is absent and variable A of tbat confound 
represents a removable protecting group, removal of A, 
followed by reaction of the resulting amine with an 
5 amino acid or suitably N-protected derivative thereof, 
followed by a subsequent reaction of the free a -amine 
if present, as described above, will yield a further 
compound of formula I. The addition of amino acids suid 
their derivatives is accozoplished by well known methods 
10 of peptide synthesis. Some of these methods are 

generally set forth in Bodanszl^ and Bodanszky, ''The 
Practice of Peptide Synthesis", Springer *Verlag, 
Berlin, Germany (1984) and in the 'The Peptides", Gross 
and Meinhof er (Bds) ; Academic Press, 1979, Vols. I- 
15 III, which are incorporated herein by reference. 

TypicaJ.ly, for solution phase synthesis of 
peptides, the a- amine of the amino acid to be coupled 
is protected by Boc, C3d2, allyloxycarbonyl (Alloc) or 
9 - f luorenylmethoxycarbonyl (Ftnoc) , while the free 
20 ^ carboxyl is activated by reaction with a carbodiimide 
such as dicyclohexylcarbodiimide (DCC) , 1- (3- 
dimethylaminopropyl ) - 3 - ethylcarbodiimide hydrochloride 
(EDO , or diisopropylcarbodiimide (DIG) , optionally in 
the presence of a catalyst such as HOBT, HOSu, or 
25 dimethylaminopyridine (DMAP) • Other methods which 

proceed through the intermediacy of activated esters, 
acid halides, enzyme-activated amino acids and 
anhydrides including N-carboxy- anhydrides, symmetrical 
anhydrides, mixed carbonic anhydrides, carbonic - 
30 phosphinic and carbonic -phosphoric anhydrides are also 
suitable. After the peptide has been formed, 
protecting groups may be removed by methods described 
in the references listed above, such as by hydro- 
genation in the presence of a palladium, platinxim or 
35 rhodium catalyst, treatment with sodium in liquid 
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ammonia, hydrochloric, hydrofluoric, bydrobromic , 
formic , trif luoromethanesiilf onic , or trif luoroacet ic 
acid, secondary amines, fluoride ion, trimethylsilyl 
halides including bromide and iodide, or alkali. 
5 One particularly xiseful synthetic scheme for 

producing sulfonamides of formula XV is shown below: 
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Cc»i?)ouiidfl of fo rmul a X may be advantageously 
synthesized f rom readily-avaiAable start:ingL,matgg^ls 
(see D.P. G^tSBBS^Tj^^^. ghgm, p^ 288 (1993))>^ 

^ Each step of the above synthetic scheme may be carried 
1 out as generally described above. 
'[^^ A particularly useful synthetic scheme for 

producing the preferred sixlf onamides of formula XXII is 
shown below: 




XXII 
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- ^ Con5)oxmda of formula XX may be advantageously 

synthesized from readily a vailable starting m aterials 

/ (1985j>> Bach step of the above synthetic scheme may 
e carried out as generaaiy described above. 

After converting a coopoxmd of formula XX to 
a coii?)ound of formula XXI, as detailed in the previous 
reaction scheme, the compound of formula XXI may 
alteroatively be reacted with an amino acid or amino 
acid derivative, as described generally above, to yield 
a preferred conpound of formula XZXl. A particularly 
useful synthetic scheme utilizing this strategy is set 
forth below: 



10 
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As can be appreciated by the a)u.lled artisan, 
tbe above synthetic schemes are not intended to 
ccnprise a con^jrehensive list of all meems by which the 
con5)Oiinds described and claimed in this application may 
be synthesized. Further methods will be evident to 
those of ordinary slcill in the art. 

The confounds of this invention may be 
modified by appending appropriate functionaaites to 
enhanc e selective biological properties. Such 
modifications are known in the eurt and include those 
Tdaich increase biological penetration into a given 
biological system (e.g., blood, lyn?>hatic system, 
central nervous system) , increase oral availability, 
increase solubility to allow administration by 
15 injection, alter metabolism and alter rate of 
excretion. 

The conqpounds of formula I are characterized 
by a superior ability to inhibit HIV protease activity 
and viral replication. We believe that this is due to 
specific steric and electronic interactions between the, 
protease and compounds of formula IV This belieF^t^' 
from our analysis of the structural basis for the 
activity of compounds of formula I, in view of the 
known crystal structures of HIV protease and bound 
inhibitors, such as the structure reported in Miller et 
al. "Structure of Con^jlex of Synthetic HTV-i Protease 
with a Substrate-Baaed Inhibitor at 2.3 A Resolution-, 
ScifiHEa, vol. 246, pp. 1149-1152 (1989), which is / 
incgrp orated h erein by. reference, as well as structures 
determined in our laboratories. According to these 
structures, the active site of HIV aspartyl protease is 
defined by a deep groove containing subpockets for 
accommodation of various side chains of the protease 
substrate - referred to as P^-p^ and Pi'-P„., according 
35 to conventional protease nomenclature, m the center 
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of the groove, lie two aspsurtic acid residues (Asp2S 
and Asp25' according to the numbering system of Miller 
et al.) in a manner typical of the active site 
aspartates of known aspaurtyl proteases, which are 
believed to be the catalytic residues of the enzyme. 
The groove is covered by two C,- symmetrically disposed 
"flaps" which also make various direct and indirect 
contacts with bound substrates. 

We believe that the substituents A, D, D' and 
E of the coopcmnds of formula I auasociate with HIV 
protease by way of hydrophobic forces in the binding 
pockets of the enzyme. He also believe that the 
sulfonamide group hydrogen binds tightly to a water 
molecule held by hydrogen bonds to the flaps of the 
15 protease ("the flap water molecule"; water molecule 

511, according to the Miller et al. numbering system) . 

In view of the above discovery, an 
alternative embodiment of this invention relates to 
novel HIV protease inhibitors possessing certain 
20 structural and physicochemical features. We have 
discovered that con?)ounds possessing the following 
novel combination of features are surprisingly 
effective HIV protease inhibitors: 

(1) a first and a second hydrogen bond 

25 acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
molecule of an HIV aspartyl protease when the con^^ound 

30 is bound thereto; 

(2) substantially hydrophobic moieties which 
associate with the P, and P,. binding pockets of said 
HIV aspartyl protease when the con?,ound is bound 
thereto; 
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(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or. acceptor 
capable of siaoltaneoualy hydrogen bonding to Asp25 and 
ASP2S. Of said HIV aspartyl protease when the conpound 
xs bound thereto; 

(4) an additional occupied volume of space 
of at least lOO when the coa?)ound is bound to the 
a^iye site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be ' 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
CQa5>ound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and S^eaiier 

(6) a neutral or favorable enthalpic 
contribution from the sum of all electrostatic 
interactions between the con^^und and the protease when 
the con^^ound is bound to said HIV aspartyl protease 

be readii above-cited features can 

skxll xn the art using a combination of chemicaT^ 
reasoning and con5,utational methods. Por exaii^le 
those Of ordinary s^l in the art can rea^^L.^.y 
or Choose hydrogen bonding and hydrophobic moLi" or 

(4) (6) can be ascertained using well known 
con^utational methods for determination of structural 
l;:;uir°™"°^'^ energetic properties of 

Furthermore, confounds characterized by 
features (i, through (6) listed above may be obtained 
usxng any conventional techni^e, including c^^'^l 
synthesis and natural product isolation. We p^!^ 
using the synthetic schemes detailed above Lr 
caapoxmds of formula I. 
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We have discovered that when an HXV protease 
inhibitor forms hydrogen bonds to the flap water 
molecule through tvo hydrogen bonding moieties, at 
least one of which is more highly polarizable than a 
carbonyl, the ability of those componndR to inhibit HIV 
protease activity is dramatically iinproved, as conpared 
with conventional HIV protease inhibitors* 
'J^ While not wishing to be bound by theory, we 

/ believe that the strong hydrogen bonds that form 
10 between the flap water molecule and the tvo hydrogen 

bonding moieties » at least one of which is more highly 
polarizable than a carbonyl, lower the overall binding 
energy of the inhibitor. Most HIV protease inhibitors 
known in the art utilize only carbonyl groups for 
15 hydrogen bonding to the flap water molecule and axe, 
thus, inferior to those of the present invention. We 
believe that the increased polarization that results 
from the large dipole moment of the highly polarizable 
hydrogen bo ndin g moiety (cis compared to the dipole 
20 moment of a carbonyl moiety) creates a stronger and 

tighter hydrogen bond with the flap water molecule. We 
prefer to utilize tetravalent oxygenated sulfur, 
hexavalent oxygenated sulfur and pentavalent oxygenated 
phosphorus as the highly polarizable hydrogen bonding 
25 moiety. Tetravalent oxygenated siafur and hexavalent 
oxygenated sulfur are more preferred as the highly 
polarizable hydrogen bonding moiety. Hexavalent 
ojqrgenated sulfur (-SOj-) is most preferred. 

We have found ithat when'the highly" ^ 
30 polarizable hydrogen bonding moiety is a sulfonamide, ^ 
the overall binding energy of the inhibitor is 
particularly low._ We believe~that this increased 
-stability is due to particular conformational 
characteristics of the sulfonamide S-N bond. 
35 Specifically, the sulfonamide S-N bond exists in only 
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two low-energy rotamers (see J. B. Nicholas et al., 
PhvB. Ph*»tn. 95, p. 9B03 (1991) and R.D. Bindal et al., 
J. Am. Chem. Soe. . 112, p. 7861 (1990)). This has the 
effect of loclcing that portion of the molecule into a 
5 favorable conformation wherein one or both of the 
highly polcurized S-O oxygens can be involved in 
hydrogen bonding interactions with the flap water. 

The remaining five structural ann 
physicochemiceU. features recited above (i.e., features 
10 (2) through (6)) are generally recognized in the art to 
is^rove the ability of a compound to con?>etitively 
inhibit HIV proteeme activity. Although there are 
several other features thought to increeise the 
inhibitory property (such as binding of the inhibitor 
15 backbone to the enzyme) , we have discovered that the 
combination of the five above-cited elements alone, 
together with novel element (1) , typifies effective HIV 
protease inhibitors. 

In general, the binding energy of a 
particular protease inhibitor is lowered when 
•hydrophobic moieties on the inhibitor are located so as 
to associate with the enzyme's hydrophobic binding 
pockets. In the case of HIV-l protease, the location 
and nature of the and P^' binding pockets are known 
to those of ordinary skill in the art (see, for 
example, M. Miller et al., cited above) . Substantially 
hydrophobic side chains which fit into the well defined 
P^ and P^- binding pockets are also known to those in 
the art. Preferred side chains are located within 4 A 
30 of the enzyme when bound to HIV protease. Preferred 
hydrophobic side chains include those substantially 
similar to those of hydrophobic natural and unnatural 
Qf-amino acids, including alanine, valine, leucine, 
isoleucine, methionine, phenylalanine, a-amino 
isobutyric acid, alloisoleucine, tyrosine, and 
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tryptophan. Insofar as a portion of this side chain is 
in contact with bulk solvent or protrudes out of the 
enzyme , it is not considered to be wholly within or 
P^* and may contain polar functionality such as a 
5 charged amine at that location. 

It has also been established in the art that 
the presence of a hydroxyl group within hydrogen bond 
proximity to the two catalytic aspartic acid residues 
of HIV protease (A8p25 and Asp25 M is an important 

10 feature of an effective HIV protease inhibitor (see, 
for exasqple, R. Bone et al., "X-ray Crystal Structure 
of the HIV Protease Cataplex with L-700,417, .an 
Inhib itor with Pseudo Synsnetry", J. Am. Chem. Soe. , 
113, pp. 9382-84 (1991)). It is further understood 

15 that the geometry of the Asp-binding hydrogen bonding 

moiety is of particular iii?)ortance. Although we prefer 
to use a hydroa^l group at this position, any hydrogen 
bonding moiety that is capable of forming hydrogen 
bonds with the Asp residues is acceptable. Such 

20 hydrogen bonding moieties are known to those of skill 
in the art (e.g., phosphinic acid (D. Grobelny et al., 
PiOChem. Biophvs. Res, Ccamnnin,. 1S9, p. 1111 (1990)). 

It is further understood that binding of 
con5)etitive inhi bitors to HIV protease is optimally 

25 acconplished by having the inhibitor traverse a volume 
overlapping that occupied by the native polypeptide 
substrate when it is bound to the active site of the 
enzyme. Effective HIV protease inhibitors typically 
have a relatively small difference in energy between 

30 their bound and free states (i.e., a small deformation 
energy of binding) . The most preferred HIV protease 
inh i bitors of this invention have a deformation energy 
of binding of not greater than 10 kcal/mole 
(preferably, not greater than 7 kcal/mole) . It should 

35 be noted, however, that HIV protease inhibitors may 
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interact with HXV protease in more than one 
conformation which is similar in overall binding energy 
(see K.H.M. Murthy, J. Biol. Chem, , 267, (1992)). In 
those cases , the deformation energy of binding is takeh 
5 to be the difference between the energy of the free 
compound and the average energy of the conformations 
observed, when the inhibitor binds to the enzyme. 

Furthermore, it is imderstood that the most 
effective protease inhibitors also lack repulsive 

10 electrostatic interaction with the target protease in 
their bound state « Such non*coizplementary (e.g., 
electrostatic) interactions include repxilsive charge- 
chaxge, dipole-dipole and charge -dipole interactions. 
Specif icaJ.ly, in the most preferred HIV protease 

15 inhibitors of this invention, the sun of aJ.1 

electrostatic interactions between the con^oiind the 
enzyme when the conpoimd is bound to HIV protease makes 
a neutral or favorable contribution to the enthalpy of 
binding. 

20 Preferred coii?>o\inds characterized by the 

above features (l)-(6) are compoxmds of formula XL: 

Z'-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

and are independently hydrogen bond 
25 acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molec\ile of an HIV aspartyl 
protease, with the proviso that at leaBt one of or 
is more highly polarizable than a carbonyl? 

M is a hydrogen bonding moiety, which may be 
30 either a hydrogen bond donor or acceptor, capable of 

simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspaxtyl protease; 
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and are independently acyclic or cyclic 
linker moieties; a^ri 

each of z' cuid nay be optionally present 
and, if present, are independently selected from groups 
5 which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV aspartyl protease. 

More preferred conpounds of formula XL 
contain at lesist one group q' or con^rising -SOj-. ' 
10 Most pref errred conqpounds of fozmula XL contain at 
least one group or con^jrising a substituted 
sulfonamide. 

In one embodiment of this invention, 
con?>ounds of formula XL may be further constrained by 
-confoEtnational locks", such as a macrocyclic ring 
' structxire. Such constraints are well known in the art 
of peptidomimetics and may result in confounds with 
strong biological activity. See, for exan?>le, Dhanoa, 
D.S. et al. -The Synthesis of Potent Macrocyclic P on-tp 
^^^ahibitors- TetrahPrir^n y^f rt , 33, 1725 (1992) and 
Flynn, G.A. et al. -An Acyl-Iminium Ion Cyclization 
Route to a Novel Confocmationally Restricted Dipeptide 
Mimic: implications to Angiotensin- Converting Enzyme 
InliiiJition- J. Am. rhpm io9, 7914 (1989)). 

This invention also includes novel methods 
for accurate identification, design, or prediction of 
HIV inhibitors characterized by structural and 
physicochemical features (l) through (6) . By virtue of 
these methods, the skilled artisan can routinely 
predict and produce particularly effective HIV protease 
inhibitors. 

we have found that the following method for 
identification, design or prediction of effective HIV 
protease inhibitors is particularly useful- 
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(a) selecring a candidate canqpoiizid of 
defined chemical structiire containing a first cuad a 
second hydrogen bond acceptor moiety, at least one of 
which is more highly polarizable than a carbonyl, said 

5 moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

(b) determining a low* energy 

10 conformation for binding, of said coopound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 

15 HIV aspartyl protease when said con?>oxind is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 
the Pj^ and P^^' binding pockets of said HIV aspartyl 

20 protease when said compound is bound thereto in said 
conformation ; 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 and Asp25' of said HIV aspartyl protease when 

25 said compound is bound thereto in said conformation; 

(f) evaluating the overlap of the 
occupied volume of said coir5)ound when said con^jound is 
boxand to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 

30 substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said compound to said HIV aspartyl 

35 protease; 
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(h) evaluating the entbalpic 
contribution of the sum f all electrostatic 
interactions between said ccaapcnad and said HIV 
aispartyl protease when said can^ioiind is bound thereto 
in Ba±d confoznation; and 

(i) accepting or rejecting ssLid 
candidate conpotind as an HIV protease inhbitor based 
upon the. determinations and evaluations carried out in 
steps (b) through (h) . 

Using the novel coDbination of steps set 
forth in this screening method, the slcilled artisan can 
advantageously avoid time consuming t^riA e3q>ensive 
experimentation to determine enzymatic inhibition 
activity of partioilar con^oiinds. The method is also 
15 useful for facilitating rational design of HIV protease 
inhib itors and anti-HTV viral agents, including 
therapeutic and prophylactic agents against HIV 
infection. Accordingly, the present invention relates 
to such inhibitors and anti-viral agents produced by 
the scre enin g method described above. 

A variety of conventional techniques may be 
used to carry out each of the above evaluations. 
Generally, these techniques involve determining the 
location and binding proximity of a given moiety, the 
occupied volume of space of a bound con?)ound, the 
deformation energy of binding of a given conpound and 
electrostatic interaction energies. Exan?>les of 
conventional techniques useful in the- above evaluations 
include: quantum mechanics, molecular mechanics, 
molecular dynamics, Monte Carlo sanpling, systematic 
searches and distance geometry methods (G.R. Marshall, 
Ann. Ref. Pharmaml. Tny-ir^] , , 27, p. 193 (1937) ) . 
Specific caaspat&T software has been developed for use 
in carrying out these methods. Exan?)les of programs 
designed for such uses include: Gaussian 92, revision C 
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(M.J. Frisch, Gaussian, Inc., Pittsburgh, PA ^1992) ; 
AMBER, version 3.0 (U.C. Singh, University of 
California at San Francisco, ^1992); QUANTA/CHAISMM 
(Molecular Siznulations, Inc., Burlington, MA ^1992); 
5 ard Insight II/Discover (Biosysm Technologies Inc., San 
Diego, CA ^1992) . These programs may be implemented, 
for instance, using a Silicon Graphics worlcstation, 
IRIS 4D/35 or IBM RISC/6000 workstation model 550. 
Other hardware systems smd software pac]cages will be 
10 known and of evident applicability to those skilled in 
the art. 

Additional analysis of the actixaJ. detailed 
interactions of the HIV protease- inhibitor con?)lex f^^ry 
be emplayBd to ascertain more specifically the binding 

15 associations between the enzyme and the bound 

inhib itor. Such analysis may be caucried out, for 
example, by studying a solution of the complex by 
single- and multi- dimensional NMR technicpies. 
Advantageously, the enzyme and/or the inhibitor may be 

20 enriched with stable isotopes such as "c, ."n and to 
more easily determine binding conformation and 
proximity. Techniques, such as isotope editing, may be 
used to enhance the resolution with which the 
interactions are observed. 

Either as cm alternative or .a supplemental 
analysis, the HIV protease- inhibitor conqplex may be 
studied by single crystal X-ray diffraction. The 
process of determining the structures of 
protein/inhibitor complexes using the X-ray techniques 

30 described above is well known and has been used for 
many different complexes (see T.L. Blundel and L.N. 
Johnson, Protein Crvstallog^phy ^ Academic Press, 
(197g) and Methods in EngymnincyY- volumes 114 and 115, 
H.W. Wyckoff et al., eds.. Academic Press (1985)). 
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This tec hni que can en?>loy, for instance, a highly 
purified preparation of HIV protease complexed with an 
inhihitor of interest in a buffered solution 
(typically at a pH of between about 4.5 and about 8.0). 
The con?>lex is allowed to crysteaiize in the presence 
of a precipitation agent (such as ^^ nw^onji^n^ sulfate) 
under conditions which yield single crystals of the 
complex.. Specific conditions for crystallizing HIV 
protease with various inhibitors have been well 
documented (see, for exasple, G.B. Dreyer et al., 
giOChgmigtry, 3i, p. 6646 (1992)). i^lication of a 
concentrated X-ray beam to an appropriately prepared 
and mounted crystal (preferably, an X-ray beam from a 
rotating anode X-ray generator or synchrotron) will 
15 yield a diffraction pattern from the reflected X-ray 
beam. 

Detection of the diffracted rays may be 
carried out by visualizing photographic paper e3q>osed 
to the diffracted X-rays or alternatively, by using a 
multiwire area detector (such as that manufactured by 
Siemens Analytical X-Ray Instruments, Inc. (Madison, 
WI) ) or an R-axis li ijnage plate system from RigaJcu 
Corporation (distributed by Molecular Structure 
Corporation, The Woodlands, TX) . other systems for 
generating and collecting X-ray diffra^ction data will 
be known to those of ordinary skill in the art. 

Refinement of the X-ray diffraction data 
yields a three dimensional structure. Conputer 
software (such as X-PLOR (Yale University, «1992, 
distributed by Molecular Simulations, Inc.) has been 
developed to carry out this refinement. 

In general, using the above techniques with 
an appropriately prepared crystalline complex, a 
structure may be refined to about 2-3 A with 'an R value 
35 of about 0.25 or less. As the skilled artisan can 
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appreciate, these values are adequate to determine the 
interactions between HTV protease anrt a given coo^jound 
such that it will be clear if features (1) through (6) 
eure present and consequently, whether that given 
conqpound is an HIV aspartyl protease inhibitor. Thus, 
additional inhibitors according to this invention nay 
be designed and predicted based on a combination of 
crystallographic structiiral information T»n d 
computational anaJ.ysis. 

For exaaqple, to predict the binding of a 
candidate inhibitor according to this invention, the 
inhibitor is examined to determine whether the molecule 
contains functionality which is not well represented by 
the existing f orcefield models in CEARMM (Molecular 
IS Simulations Incorporated, Burlington, MA) or AMBER 

(Professor P. A. Kollman, UCSF) . If any fxinctionsaity 
is not well represented, we then examine all published 
structural information for molecules containing such 
functionality, and in some cases perform high-level ab 
initio calculations on siii?)le molecules containing 
these functionalities to determine their preferred 
conformations and the energy differences between 
various conformations. More accurate parameters 
describing these functional groups may then be derived 
25 for the CHARMM and/or AMBER forcefields and used in 
subsequent calculations. 

Next, the candidate inhibitor is aligned in 
3 -dimensional space with other, related inhibitors 
whose boimd conformations have previously been 
determined by x-ray crystallography. Both Van der 
Walls volume and electrostatic potentials are used to 
direct the alignment process. The alignment is 
typically done with software like Quanta (Molecular 
Simulations) or Insightll (Biosym Technologies, San 
Diego, CA) . This alignment can be done manually within 
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this 8 ftware, or more automated alignment procediires 
within the software (e.g. the "superiispose" option of 
Quanta or the "APEX" module of Insightll) may be used. 
The result of this alignment is a first guess of the 
5 "bound" conformation of the candidate inhibitor. This 
inhibitor is then docked in the active site of HIV 
protease f and the confomation is energy minimized with 
the enzyme atoms held fixed in space. These 
minimizations are typically done using the CHARMM or 

10 AMBER forcefields. 

Because inhibitors can sometimes bind in 
multiple or unexpected conformations within an active 
site, we often then carry out further searches of the 
bound conformation of the enzyme- inhibitor conplex. 

15 For exasiple, a variety of Monte Carlo search techniques 
(e.g. as found in the Conformational Search Module of. 
Quanta) may be used, along with high-tenperature 
dynamics and simulated annealing. These search 
te chni ques reveal whether there are ed.temative, 

20 reasonable low- energy confomrations in which the 
inhibitor may bind to the enzyme. The effects of 
solvation and desolation in the formation of the 
various enzyme -inhibitor coir5)lexes may be estimated 
with programs such as DELPHI (Biosym) , Polaris 

25 (Molecular Simulations) and AMSOL (Professor C. Cramer,. 
University of Minnesota) . The result of this searching 
is a set of one or more boxmd conformations for the 
candidate inhibitor. 

For each of the low- energy conformations, 

30 waters may then be added to the active site of the 
enzyme and the entire system relaxed. Finally, 
moleculax dynamics simulations may be used to study the 
detailed motions of the enzyme, the inhibitor, and 
related water molecules. 
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The final set of remaining low- energy 
conformations (typically a very small number) 
represents our predictions of the bound conformation of 
the candidate inhibitor. Bach conformation includes 
our estimate of the dynamic flexibility of the entire 
system (i n h ib itor, enzyme, and waters) . 

The more advanced methodology is typically 
applied to the study of the first few con^jounds in a 
series, when there are the greatest uncertainties about 
the possible binding mode(s) in the enzyme active site. 
For later compounds within a series, the low energy 
conformers obtained from the searches on esirlier 
coai)ounds provide information about the possible low 
energy conformers of the inhibitor confounds, m 
addition, crystallographic information about the 
conformation of the bound complexes of eeirlier 
conpounds within a series is often available. This 
prior computational and structural work advantageously 
facilitates the prediction of the bound conformation of 
20 candidate inhibitor molecules. 

To exen?)lify the above screening method, we 
have carried out the following evaluation of coiq)ound 
140 (Table II) , a preferred con?)ound of this invention, 
as described below. 
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Predigtiipn of Binding Cnnf nr^ r^ ^ jpn snri ^7 1"^- 

compound i40 to tttv p^rrrnr" 

The f orcefield for the benzenesulfonamide 
portion of con?jound 140 was derived from ab initio 
calculations and incorporated into the AMBER 
forcefield. The latest CHARMM forcefield parameters 
for this moiety were found to be adequate for energy 
minomization studies and are used in all Quanta/CHARMM 
calculations . 
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The low energy conformers obtained from the 
conformational searches on earlier cantpotmds in the 
sulfonamide series (such eus coopound 16) provided 
information about the possible low energy conformers of 
5 conqpound 140, These low energy conformers were aligned 
in 3 -dimensional space with other related inhibitors 
whose bound conformations have previoxisly been 
determined by x-ray crystallography. This alignment 
process was cauaried out mantially within Quanta and, in 
10 some cases, Weis assisted with .the "conf ormatiouca 
search" option of Quanta. The reference crystal 
structure used in this alignment vaa the can5)lex of 
HIV-i protease %*ith compound 16. This inhibitor 
structure was energy minimized in the active site of 
IS the enzyme using Quanta/CHAHM. ihe enzyme atoms were 
held fixed during this minimization. Only the flap 
water was included. Later simulations allowed the 
enzyme to relax and used a variety of dielectric 
approximations. A single low-energy conformation which 
was consistent with all previous conformational 
simulations and crystallographic data was obtained (see 
Figure i) . This predicted binding conformation was 
later found to be essentially in agreement with the 
results obtained by x-ray crystallography (see Figures 
25 2 and 3) . 

As discussed above, the novel compoxinds of 
the present invention are excellent ligands for 
aspartyl proteases, particularly HIV-l and HIV- 2 
proteases. Accordingly, these confounds are capable of 
targeting and inhibiting late stage events in HIV 
replication, i.e., the processing of the viral 
polyproteins by HIV encoded proteases. Such confounds 
inhibit the proteolytic processing of viral polyprotein 
precursors by inhibiting aspartyl protease. Because 
aspartyl protease is essential for the production of 



20 



30 



35 



wo 94/05639 



PCT/US93/08458 



95 - 



mature virions, inhibition of that processing 
effectively blocks the spread of virus by inhibiting 
the production of infectious virions, particularly from 
chronically infected cells. Compounds according to 
5 this invention advantageously inhibit the ability of 
the HIV-i virus to infect immortalized hximan T cells 
over a period of days , as determined by an assay of 
extracellular p24 antigen --a specific marker of viral 
replication. Other anti -viral usays have confirmed * 

10 the potency of these compounds • 

The costpotuids of this invention znay be 
employed in a conventional manner for the treatment of 
viruses, such as HIV and HTLV, which depend on aspartyl 
proteases for obligatory events in their life cycle. 

15 Such methods of treatm e nt, their dosage levels and 

requirements may be selected by those of ordinary skill 
in the art from available methods and techniques. For 
exanple, a conqpound of this invention may be combined 
with a pharmaceutically acceptable adjtivant for 

20 administration to a virally- infected patient in a 

pharmaceutically acceptable manner and in an amount 
effective to lessen the severity of the viral 
infection. 

Alternatively, the compoxinds of this 
2.5 invention may be used in vaccines and. methods for 

protecting individuals against viral infection over an 
extended period of time. The coii?)ounds may be enployed 
in such vaccines either alone or together with other 
conqpounds of this invention in a manner consistent with 
30 the conventional utilization of protease inhibitors in 
vaccines. For exanple, a conpound of this invention 
may be combined with pharmaceutically acceptable 
adjuvants conventionally employed in vaccines and 
administered in prophylactically effective amounts to 
35 protect individuals over an extended period time 
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against HIV infection. As suchr the novel protease 
inhibitors of this invention can be administered as 
agents for treating or preventing HIV infection in a 
maimnal* 

5 The con^oxinds of formula I, especially those 

having a molecular weight of less than about 700 
g/mole, may be readily sdssorbed by the bloodstream of 
mammals upon oral administration. Confounds of formula 
I having a moleculax weight of less than about 600 

10 g/mole are most likely to demonstrate oral 

availability. This surprisingly iitpressive oral 
availability makes such coo^oiinds excellent agents for 
orally- administered treatment and prevention regimens 
against HIV infection. 

15 The compoxinds of this invention may be 

a dmini stered to a healthy or HIV-infected patient 
either as a single agent or in combination with other 
anti -viral agents which interfere with the replication 
cycle of HTV. By administering the conpounds of this 

20 invention with other anti -viral agents which target 
different events in the viral life cycle, the 
therapeutic effect of these campouada is potentiated. 
For instance, the co- administered anti -viral agent can 
be one which targets early events in the life cycle of 

25 the virus, such as cell entry, reverse transcription 

and viral DNA integration into cellular DNA. Anti -HIV 
agents targeting such early life cycle events include, 
didanosine (ddl) , alcitabine (ddC) , d4T, zidovudine 
(AZT) , polysulfated polysaccharides, sT4 (soluble CD4) , 

30 ganiclovir, dideoxycytidine, trisodium 

phosphonoformate, eflomi thine, ribavirin, acyclovir, 
alpha interferon and trimenotrexate. Additionally, 
non-nucleoside inh ibitors of reverse transcriptase, 
such as TIBO or nevirapine, may be used to potentiate 

35 the effect of the coinpounds of this invention, as may 
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viral tincoating inhibitors, inhibitors of trans- 
activating proteins such as tat or rev, or inhibitors 
of the viral integrase. 

Combination therapies according to this 
5 invention exert a synergistic effect in inhibiting HIV 
replication because each component agent of the 
combination acts on a different site of HIV 
replication. The use of such combinations also 
advantageously reduces the dosage of a given 
10 conventional anti* retroviral agent which would be 
required for a desired therapeutic or prophylactic 
effect as compared to when that agent is administered 
ois a monotherapy. These combinations may reduce or 
eliminate the side effects of conventional single anti- 
15 retroviral agent therapies while not interfering with 
the anti- retroviral activity of those agents. These 
combinations reduce potential of resistance to single 
agent therapies, while minimizing any eissociated 
toxicity. These combinations may aJ.so increase the 
• 20 efficacy of the conventional agent without increasing 
the associated toxicity. In particular, we have 
discovered that these compounds act synergistically in 
preventing the replication of HIV in human T cells. 
Preferred combination therapies include the 
25 administration of a con?)ound of this invention with 
AZT, ddl, ddC or d4T. 

Alternatively, the compoimds of this 
invention may also be co-administered with other HIV 
protease inhibitors such as Ro 31-8959 (Roche), 
30 L-735,524 (Merck), XM 323 (Du-Pont Merck) and A-80,987 
(Abbott) to increase the effect of therapy or 
prophylEocis against various viral mutants or members of 
other HIV quasi species. 

We prefer administering the conpounds of this 
35 invention as single agents or in combination with 
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retroviral reverse transcriptase inliibitors, such as 
derivatives of AZT, or other HIV aspartyl protease 
inhibitors. We believe that the co«-ac3ministration of 
the coapoiinris of this invention with retroviral reverse 
5 transcriptase inhibitors or mv aspartyl protease 

inhibitors may exert a substantial synergistic effect, 
thereby preventing, substantially reducing, or 
completely eliminating viral inf ectivity and its 
associated symptoms. 

10 The compounds of this invention can also be 

administered in combination with immunomodulators 
(e.g., bropirimine , anti-hi2man alpha interferon 
antibody, IL-2, GM-CSF, methionine enkephalin, 
interferon alpha, diethyldithiocarbamate, tumor 

15 necrosis factor, naltrexone and rEPO) ; emd antibiotics 
(e.g., penta midin e isethiorate) to prevent or combat 
infection and disease associated with HIV infections, 
such as AIDS and ARC. 

When the compounds of this invention are 

20 administered in combination therapies with other 
agents, they may be administered sequentially or 
concurrently to the patient. Alternatively, 
pharmaceutical or prophylactic compositions according 
to this invention may be coii?)rised of a combination of 

25 an aspartyl protease inhibitor of this invention and 
another therapeutic or prophylactic agent. 

Although this invention focuses on the use of 
the compounds disclosed herein for preventing and 
treating HIV infection, the compounds of this invention 

30 can also be used as inhibitory agents for other viruses 
which depend on similar aspartyl proteases for 
obligatory events in their life cycle. These viruses 
include, as well as other AIDS -like diseases caused by 
retroviruses, such as simian immunodeficiency viruses, 

35 but are not limited to, HTLV-I and HTLV-II. in 
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addition, the conpoxinds o£ this invention may also be 
used to inhibit other aspartyl proteases, and in 
particular, other human aspartyl proteeises, including 
renin and aspartyl proteases that process endothelin 
5 precursors . 

Pharmaceutical compositions of this invention 
conqprise any of the congOTinds of the present invention, 
and pharmaceutically acceptable salts thereof , with any 
pharmaceutically acceptable carrier, adjuvant or 

10 vehicle. Pharmaceutically acceptable carriers, 
adjixvants omd vehicles that may be used in the 
pharmaceutical compositions of this invention include, 
but are not limited to, ion exchangers, alumina, 
aluminum stearate, lecithin, serum proteins, such ais 

15 human serum albimdji, buffer substances such as 

phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 
sulfate, disodium hydrogen phosphate, potassium 

20 hydrogen phosphate, sodium chloride, zinc salts, 

colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellxilose-based substances, polyethylene 
glycol, sodium carboxymethylcellulose, polyacrylates , 
waxes, polyethylene-polyoxypropylene-blocJc polymers, 

25 polyethylene glycol and wool fat. 

The pharmaceutical compositions of this 
invention may be administered orally, parenterally, by 
inha l ation spray, topically, rectally, nasally, 
buccally, vaginally or via an inplanted reservoir. We 

30 prefer oral acSministration or administration by 

injection. The pharmaceutical conqpositions of this 
invention may contain any conventional non- toxic 
pharmaceutically. acceptable carriers, adjuvants or 
vehicles. The term parenteral as used herein includes 

35 subcutaneous, intracutaneous, intravenous. 
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intrantuscular, intra- axticular, iatrasynovial , 
intrastemal, intrathecal, intralesional and 
intracranial injection or infusion techniques. 

The pharmaceutical caii?)ositions may be in the 
5 form of a sterile injectable preparation, for exanqple, 
as a sterile injectable aqueous or oleaginous 
suspension. This suspension may be formulated 
according to techniques known in the art using suitable^ 
dispersing or wetting agents (such as, for exan^le, 
10 Tween 80) suspending agents. The sterile 

injectable prepaura^tion may also be a sterile injectable 
solution or sxxspension in a non- toxic parenterally- - 
acceptable diluent or solvent, for exasple, as a 
solution in 1,3-butanediol. Among the acceptable 
15 vehicles and solvents that may be employed are 

mannitol, water. Ringer's solution and Isotonic sodium 
chloride solution. In addition, sterile, fixed oils 
are conventionally en^loyed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be 
20 employed including synthetic mono- or dlglycerides . 
Fatty acids, such as oleic acid and its glyceride 
derivatives are useful in the preparation of 
injectables, as are natural pharmaceutlcally- 
acceptable oils, such as olive oil or castor oil, 
25 especially in their polyoxyethylated versions. These 
oil solutions or suspensions may also contain a long- 
chain alcohol diluent or dispersant such as Ph. Helv or 
a similax alcohol. 

The pharmaceutical compositions of this 
30 invention may be orally administered in any orally 

acceptable dosage form including, but not limited to, 
capsules, tablets, and aqueous suspensions anri 
solutions. In the case of tablets for oral use, 
carriers which are common Ty used include lactose and 
35 com starch. Lubricating agents, such as magnesium 
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Btearate, are also typically added. For oral 
administration in a capsixle form, use£ul diluents 
include lactose and dried com. starch. Vfhen aqueous 
suspensions are administered orally, the active 
5 ingred ien t is combined with emulsifying and suspending 
agents. X£ desired, certain sweetening and/or 
flavoring and/or coloring agents may be added. 

The pharmaceutical cospositions of this 
invention may also be administered in the form of 
10 suppositories for recteJ. ouiministration. These 

ccn^positions can be prepared by mixing a conpound of 
this invention with a suitable non- irritating excipient 
which is solid at room temperatiire but liquid at the 
rectal temperattire and therefore will melt in the 
IS rectum to relesise the active components. Such 

materials include, but are not limited to, cocoa 
butter, beeswax and polyethylene glycols. 

Topical administration of the pharmaceutical 
con?)ositions of this invention is especially useful 
20 when the desired treatment involves eureas or organs 
readily accessible by topical application. For 
application topically to the skin, the pharmaceuticsa 
composition should be formulated with a suitable 
ointment containing the active conqaonents stispended or 
25 dissolved in a carrier. Carriers for topical 

administration of the compounds of this invention 
include, but are not limited to, mineral oil, liquid 
petroleum, white petroleum, propylene glycol, polyoxy- 
ethylene polyoxypropylene con?.ound, emulsifying wax and 
water. Alternatively, the pharmaceutical conposition 
can be formulated with a suitable lotion or cream 
containing the active con?)ound suspended or dissolved 
in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, sorbitan monostearate, 
polysorbate 60, cetyl esters wax, cetearyl alcohol, 
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2-octyldodecanol, benzyl alcohol and water. The 
pharmaceutical compositions of this invention may also 
be topically applied to the lower intestinal tract by 
rectal suppository formulation or in a suitable enema 
5 formulation. Topically-transdermal patches are also 
included in this invention. 

The pharmaceutical compositions of this 
invention may be administered by nasal aerosol or 
inhalation. Such compositions are prepared according 

10 to techniques well-known in the art of pharmaceutical 
formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, f luorocarbons, and/ or other 

15 solubilizing or dispersing agents known in the art. 

Dosage levels of between about .01 and about 
100 mg/kg body weight per day, preferably between about 
0.5 and about 50 mg/kg body weight per day of the 
active ingredient compound are useful in the prevention 

20 and treatment of viral infection, including HIV 

infection. Typically, the pharmaceutical compositions 
of this invention will be administered from about 1 to 
about 5 times per day or alternatively, as a continuous 
infusion, such administration can be used as a chronic 

25 or acute therapy. The amount of active ingredient that 
may be combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. A 
typical preparation will contain from about 5% to about 

30 95% active compound (w/w) . Preferably, such 

preparations contain from about 20% to about 80% active 
compound. 

Upon improvement of a patient's condition, a 
maintenance dose of a compound, composition or 
combination of this invention may be administered, if 
necessary. Subsequently, the dosage or frequency of 
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aciministration, or both, may be reduced, as a function 
of the syn^jtoma, to a level at which the in^roved 
condition is retained when the synptoms have been 
alleviated to the desired level, treatment should 
5 cease. Patients may, however, require intermittent 

treatment on a long-term basis upon any recurrence of 
disease synptcms. 

As the slcilled artisan will appreciate, lower 
or higher doses than those recited above may be 
10 required. Specific dosage and treatment regimens for 
any particular patient will depend upon a variety of 
factors, including the activity of the specific 
con?>ound eii?)loyed, the age, body weight, general health 
status, sex, diet, time of administration, rate of 
excretion, drug combination, the severity and course of 
the infection, the patient's disposition to the 
infection and the judgment of the treating physician. 

The conqoounds of this invention are also 
useful as commercial reagents which effectively bind to 
aspartyl proteases, particularly HIV aspartyl protease. 
As commercial reagents, the con^joiinds of this 
invention, and their derivatives, may be used to block 
proteolysis of a target peptide or may be derivatized 
to bind to a stable resin as a tethered substrate for 
affinity chromatography applications. These and other 
uses which characterize commercial aspartyl protease 
inhibitors will be evident to those of ordinary skill 
in the eurt.- 

In order that this invention be more fully 
understood, the following exan?)les are set forth. 
These exBmplB3 are for the purpose of illustration only 
and are not to be construed as limiting the scope of 
the invention in amy way. 
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General Materials and M ethods 

All teziperatxires are recorded in degrees 
CelsiiiB. Thin layer chromatography (TLC) was carried 
out using 0.25 znm thick £• Merck silica gel 60 F254 
5 plates and elution with the indicated solvent system. 
Detection of the confounds was carried out by treating 
the plate with an appropriate visxializing agent r such 
as 10% solution of phosphomolybdic acid in ethanol or a 
0.1% solution of ninhydrin in ethanol, followed by 

10 heating, and/or by exposure to UV light or iodine 
vapors when appropriate. Thick layer silica gel 
chromatography was also carried out using Merck 60 
^254 Pl^^^s ("prep plates") of 0.5, 1*0, or 2.0 mm 
thickness. Following development of the plate, the 

15 band of silica containing the desired confound was 
isolated and eluted with an appropriate solvent. 
Analytical HPLC was carried out using a Water's Delta 
Pak, 5 fM silica, C18 reversed-phase coliunn, 3.9 mm ID 
X 15 cm L with a flow rate of 1.5 mL/min using the 

20 following table: 

Mobile phase: A «*0.1% CFjCOjH in H^O 

B = 0.1% CF3CO2H in CH3CN 
Gradient: T = 0 min. , A (95%), B (5%) 

T a 20 min., A (0%), B (100%) 
25 T = 22.5 min., A (0%), B (100%) 

Preparative HPLC was also carried out using C^g 
reversed-phase media. HPLC retention times were 
recorded in minutes. NMR spectral data was recorded 
using a Bruker AMXSOO, equipped with either a reverse 
30 or QNP probe, at 500 MHz, and was taken in the 
indicated solvent. 

We have measured the inhibition constants of 
each compoiind against HIV-l protease using the method 
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described essentially by M.W. Pennington et al.. 
Peptides 1990. Giinet,'E. and D. Andrew, Eds., Escom; 
Leiden, Netherlands (1990) . 

Compounds of f onmila I were tested for their 
5 antiviral potency in several virological assays. In 

the first assay, the conpoiinds were added as a solution 
in dimethylsulfoxide (DMSO) to a test cell culture of 
CCRM*CEM cells, a strain of CDA^ hixinan T*cell lyxtphoma. 
cells, previously acutely infected with ^^^xrh ^sing 

10 st an da r d protocols (see Meek, T. D. et al., "Inhibition 
of HIV-l protease in infected T-lyxi5)hocytes by 
synthetic peptide analogues". Nature . 343, p, 90 
(1990) . Preferred ccngounds are those which are able to 
inhib it 90% of viral inf activity at a concentration of 

15 1 ^iM or less. More preferred conpotuids are those which 
are able to inhibit 90% of viral infect ivity at a 
concentration of 100 nM or less. 

The effect of the caii5>ounda on inhibiting the 
replication of the virus was measured by determining 

20 the HIV extracellular p24 antigen concentration using a 
commercial enzyme immunoassay (obtained from Coulter 
Corporation, Hialeah, PL) . 

Depending on the cell type and the desired 
readout, syncytia formation, reverse- transcriptase (RT) 

25 activity, or cytopathic effect as assayed by a dye 

uptake method may also be used as readouts of antiviral 
activity. See H. Mitsuya and S. Broder, "Inhibition of 
the ia vityp inf ectivity and cytopathic effect of human 
T-lymphotropic virus type III/lyn5)hoadenopathy- 

30 associated virus (HTLV-III/LAV) by2*,3"- 

dideoxynucleosides", Proc, Natl. Acad. gnS . Trpii 
vol. 83, pp. 1911-1915 (1986). The effect of coii?)ounds 
of formula I on clinical isolates of other HIV-l 
strains was determined by obtaining low-passaged virus 

35 from HIV-infected patients and assaying the effect of 
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the inhibitors in preventing infection of the HIV virus 
in freshly prepared htiinan peripheral blood mononuclear 
cells (PBtKis) . 

Insofar as con^jounds of f orxmila I are able to 
5 inhibit the replication of the SIV vims in hanan 

T- cells and furthermore, may be delivered orally to 
mammals, they are of evident clinical utility for the 
treatment of HIV infection. These tests eure predictive 
of the conpotinds ability to inhibit HIV protease ia 
10 vivo . 



IS 



A. Con?)ound XI ( (syn) -OH, D' = benzyl). 184 g of 
Brockman Super I grade neutral alumina was slurried in 
sufficient diethyl ether to form a thick, stirrable 
suspension and was treated with 7.48 mL of benzylamine. 
After stirring for 5 min, 7.28 g of (.1S,2S) -i- (n- 
benzyoxycarbonyl)-amino.2-phenylethyl-oxirane was added 
and the mixture stirred for 15 h. The mixture was 
treated with IS. 28 g of di-tert-butylpyrocarbonate and 
20 4.70 mL of diisopropylethylamine . This mixture was 
stirred for 3.S h, then treated with 600 mL of 
methanol, allowed to stand for 3.S h, and filtered to 
yield a yellow oil, which was purified, by silica gel 
chromatography using a gradient of 0.5 to l.S* methanol 
25 in methylene chloride to yield 3.88 g of the desired 
product as a white solid. Further washing the filter 
cake with methanol and with 3% ammonium hydroxide in 
methanol yielded 2.2 g of 4-benzylamino-2-N- 
benzyloxycarbonylamino^ 3 -hydroxy- i-phenylbutane in 
30 several portions. Each of these portions was treated 
separately, as a solution in methylene chloride, with 
1.1 molar equivalents each of di-tert 

butylpyrocarbonate and diisopropylethylamine, followed 
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by acjueous workup with water, 10% aqueous FSSO^, and 
brine, drying over MgSO^, cuid concentration in vacuo. 
The combined products of these reactions were purified 
by silica gel chromatography using a gradient of 5* to 
5 15% diethyl ether in methylene chloride. The resulting 
pure fractions were collected and combined with the 
previously purified product to yield 5.49 g of a white 
solid. TLC: Rf » 0.56, 5% methanol/CH2Cl2; (^H)-NMR 
( (33013) consistent with structure. 

10 B. Compound XZI ((8yn)-0H, D* benzyl). A solution 
of 5.49 g of the resultant cospoimd of Bxan^le lA in 
40 mL of ethanol was hydrogenated \mder a slight 
positive pressure of hydrogen in the presence of 380 mg 
of 10% palladium on carbon for IS h. After filtering 

15 and concentrating in vacuo, the desired product was 

obtained as 4.03 g of a white solid. TLC: Rf « 0.21, 
95:5:0.5 CE2Cl2/methanol/concentrated KH^OH. 

C. Coic?)oimd XIII {{syn)-OH, A « benzyl oxycarbonyl, 
D' = benzyl) . A solution of 3.02 g of the resultant 

20 coii5)ound of Exaii?)le IB in 150 xnL of methylene chloride 
was treated with 4.35 g of N^-Cbz-N^- trityl asparagine, 
1.16 g of hydroxybenzotriazole hydrate, and 1.64 g of 
1 - ( 3 - dimethylaminopropyl ) - 3 - ethyl carbodiimide 
hydrochloride. The mixture was stirred for 16 h, then 

25 diluted with 3 volumes of diethyl ether auid washed 

sequentic^ly with water, saturated NeaiC03 solution, 10% 
KHSO4 solution, and brine. After drying over MgSO^ and 
concentrating in vacuo, a yellow oil was obtained which 
was purified by chromatography on a Florisil column 

30 using a gradient of 0% to 25% EtOAc in CH2CI2 as eluant 
to yield 8.00 g of the title coii5)ound as a white foam. 
TLC: Rf « 0.51, 5% methanol /CH2CI2; (^H)-NMR (CDCI3) 
consistent with structure. 
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D. Can?)ound XIV ( (syn) -OH, A = H, = benzyl). A 
solution o£ 7.90 g of the resultant can^oxind of 
Example IC in 150 inL of ethanol was hydrogenated under 
a slight positive pressure of hydrogen int he presence 
5 of 550 mg of 10% palladitun on carbon for 2.5 h, then 
ca* 50 xng more 10% palladium on carbon was added, the 
mixture wcis then filtered and concentrated in vacuo to 
give the desired product as S. 66 g of a white solid 
which was used without subsequent purification. TLC: 
10 Rf - 0.26, 95:5:0.5 CH2Cl2/methanol/concentrated NH^OH. 

£. Compound XIV ( (syn) -OH, A » guinoline-2-carbonyl, 
D' s benzyl) . A suspension of 1.51 g of guinaldic acid 
cuid 6.17 g of the resultant conpoxind of Example ID in 
150 mL of acetonitrile was treated with 1.52 mL of 

15 diisopropylethylamine and 3.58 g of BOP reagent. The 
mixture was stirred for 14 h, then concentrated 
in vacuo. The gummy residue was partitioned between 
ether cind water, and the organic layer was washed 
sequentially with brine, saturated NaHC03 solution, 

20 water, 10% KHSO4 solution, and brine, then dried over 
MgSO^ and concentrated in vacuo. Subsequent 
purification by silica gel chromatography using 0% to 
8.5% solvent A in methylene chloride (where solvent A 
is defined as 90:10:1, methylene chloride/me thanol/ 

25 concentrated ammonium hydroxide) yielded 5.79 g of the 
title compoxind as a white foam, along with ca. 600 mg 
of slightly inpure side fractions. TLC: Rf = 0.41, 5% 
methanol /CHjClj; (^H)-NMR (CDCI3) consistent with 
structure. 



30 



F. Coii5>oxmd 1. A 58 mg portion of the resultant 
con?)o\ind of Exaii?>le IE was treated with 1 mL of 90% 
aqueous TFA and allowed to stand for 17 h. The mixture 
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was concentrated in vacuo and the residue taken up in 
3 tnL of CH2Cl2# treated with 100 /iL of DIEA, and cooled 
to O^C. To this solution was added 26 /iL of 
ben z enesul f ony 1 chloride, and the mixture was stirred 
5 for 18 h, warming slowly to ambient temperature. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CH2Cl2 as eluant followed by preparative 
reversed- phase C^g HPLC using a linear gradient of 40% 

10 to 100* CH3CN/H2O with 0.1% TFA for elution to obtain 
8.3 mg of the title confound. TLC: Rf - 0.50, 5% 
MeOH/CHjClj. HPLC: Rt » 17.8 min. NMR (DMSO-dg) 6 2.62 
(dd, IH); 2.76 9d, 2H) ; 2.80 (dd, IH) ; 3.11, (d, 2H) ; 
3.34 (dd, IH); 4.59 (br s, IH) ; 4.68 (br s, IH) ; 3.97 

15 (m, IH); 4.20 (d, IH) , 4.35 (d, IH) ; 4.68 (dd, IH) ; 

6.39 (d, IH); 6.74 (t, IH) ; 6.81 (t, 2H) ; 6.93 (d, 2H) ; 
7-12-7.24 (m, 6H); 7.51 (t, 2H) ; 7.57 (t, IH) ; 7.62 
(dd, IH); 7.77 (t, 2H), 7.96 (d, IH) ; 8.09 (d, IH) ; 
8.16 (d, IH); 8.31 (d, IH) ; 8.53 (d, IH) . 

Example 2 

Conpound 2. A 150 mg portion of the 
resultant compoimd of Example IE was dissolved in 1 mL 
of 90% aqueous TFA and stirred at ambient ten^erature 
overnight, then concentrated in vacuo. The crude TFA 
salt residue was dissolved in 7 mL of dry methylene 
chloride and the pH of the solution was adjusted to 
pH 8 with IN NaOH. 56 mg of a mixture of 4-fluoro-3- 
acetamidobenzene sulf onylchloride and 3-fluoro-4- 
acetamidobenzene s\ilf onylchloride (-1:1) was added and 
the mixture stirred vigorously for 3 hours after which 
an additional 25 mg was added and the reaction saiowed 
to continue for an additional 12 hours. The reaction 
was then diluted with 50 mL of ethylene chloride and 
the organic layer was washed sequentially with water 



20 



25 



30 
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and brine, dried over MgSO^ and concentrated in vacuo. 
The crude residue was purified using a silica gel flash 
chromatography colvnnn using a gradient of 3% to 5% MeOH 
in methylene chloride as eluant to yield 60 mg of the 
5 title compoxinds. TLC: Rf = 0.50, 10% MeOH/CH2Cl2; 

HPLC: Rt « 13-93 min. NMR (CDCI3) : 69.05 (s, IH) ; 8.65 
(d, 0.5H); 8.58 (t, 0.5H), 8.20 (dd, 0.5H) , 7.85 (d, 
IH) 7.75 (m, 0.5H), 7.45-7.63 (m, 1.5H) , 7.14-7.25 (m, 
6H), 6.78-6.95 (m, SH) , 6.70 (d, IH) , 6.41 (s, O.SH), 
10 6.25 (S, 0.5H), 6.18 (s, 0.5H), 6.10 (s, 0.5H), 4.88 

(m, 0.5H), 4.81 (m, 0.5H), 4.37 (d, IH) , 4.35 (m, IH) . 
4.21 (d, IH), 4.00 (m, IH), 3.46 (m, O.SH), 3.35 (m, ^ 
0.5H), 3.27 (d, O.SH), 3.16 (d, O.SH), 3.14 (d, IH) , 
2.45-2,75 (m, 5H) ; 2.16, 2.20 (2 S, 3H total). 

15 Example 3 

Compound 3. A 23 mg portion of the resultant 
compound of Example IE was treated with 1 mL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
was concentrated in vacuo and the residue taken upon in 

20 2 mL of CH2Cl2# treated with 6 /iL of DIEA, and cooled 
to O^C. To this solution was added 23 mg of 3,5- 
dimethylisoxa2ole-4-sulf onyl chloride, and the mixture 
was stirred for 18 h, warming slowly to ambient 
teit5)erature. After concentration of the mixture 

25 in vacuo, the residue was purified by preparative 

reversed-phase C^q HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 
1.1 mg of the title conqpound. TLC: Rf = 0.55, 10% 
MeOH/CH2Cl2. HPLC: Rt = 14.5 min; (^H)-NMR (CDCI3) 

30 consistent with structure. 
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Compound 4. A 33 mg portion of the resultant 
compoiincl of Example IE wais treated with 1 mL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
5 was concentrated in vacuo and the residue taken up in 
3 xnL of CH2Cl2f treated with 16 fLL of DXEA, and cooled 
to O^C. To this solution was added 10 fiL of 3- 
trifluoromethylbenzene sulfonyl chloride, and the 
mixture was stirred for IB h, warming slowly to ambient 

10 temperature. After concentration of the mixture 
in vacuo, the residue was purified by preparative 
reversed- phase C^g HFLC using a linear gradient of 35% 
to 100% CH3Cai/H20 with 0.1% TFA for elution to obtain 
1.1 rog of the title compoxind. TLC: Rf = 0.55, 10% 

15 MeOH/CH2Cl2. HPLC: Rt = 14.5 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Compound 5. A 20 mg portion of the resxiltant 
gompound of Exanple IE was treated with 1 mL of 90% 

20 aqueous TFA and allowed to stand for 18 h. The mixture 
was concentrated in vacuo and the residue taken up in 
1 mL of CH2CI21 treated with 10 /iL of DIEA, and cooled 
to 0*»C. To this solution was added 13 mg of 2- 
acetamido-4-methyl-5-thiazolesulf onyl chloride, and the 

25 mixture was stirred for 17 h, warming slowly to ambient 
ten?)erature . After concentration of the mixture 
in vacuo, the residue was purified by preparative 
reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 

30 0.40 mg of the title conpound. TLC: Rf » 0.5, 10% 
Me0H/CH2Cl2. HPLC: Rt « 13.8 min; (^H) -NMR (CDCI3) 
consistent with structure. 
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Con?)oxind 6, A 33 mg portion of the res\iltant 
con?)Ound of Example IE was treated with 1 mL of 90% 
aqueous TFA and allowed to stsmd for 16 h. The mixture 

5 was concentrated in vacuo and the residue taken up in 
2 mL of CH2Cl2f treated with 16 /iL of DIEA, smd cooled 
to 0*^0 • To this solution was added 11 mg of 5- 
(isoxazol-3-yl) thiophene-2-sulfonyl chloride, and the ' 
mixture was stirred for 18 h, warming slowly to ambient 

10 teii?)erature. After concentration of the mixture 
in vacuo, the residue* "was purified by preparative 
reversed-phase C^g HPLC xising a linear gradient of 35% 
to 100% CH3CM/H2O with 0.1% TFA for elution to obtain 
1.5 mg of the title conpound. TLC: Rf «= 0.7, 10% 

15 MeOH/CH2Cl2. HPLC: Rt = 14.7 min? (^H) -NMR (CDCI3) 
consistent with structure - 

Example 7 

Coxnpound 7. A 35.5 mg portion of the 
resultant compound of Example IE was treated with 1 mL 
20 of 90% aqueous TFA and allowed to stand for 18 h. The 
mixtxire was concentrated in vacuo and the residue taken 
up in 3 mL of CH2Cl2r treated with 16 /iL of DIEA, and 
cooled to 0«*C. To this solution was added 10 mg of 3- 
chloros^xlfonylbenzoic acid, and the mixture was stirred 
25 for 16 h, warming slowly to ambient temperature. After 
concentration of the mixture in vacuo, the residue was 
purified by preparative reversed -phase C^g HPLC using a 
linear gradient of 35% to 100% CH3CN/H2O with 0.1% tTFA 
for elution to obtain 1.6 mg of the title compound. 
30 TLC: Rf = 0.7, 10% MeOH/CH2Cl2. HPLC: Rt = 13.6 min; 
(^H)-IIMR (CDCI3) consistent with structure. 
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Example 8 

Compound 8. 0.04 mmol of the resultant 
compotmd of Example lOA was converted to the free base 
by partitioning between EtOAc and sat. NaHCOj. 
5 Treatment of the resulting compound with an excess of 
1% HCl/HeOH and concentration in vacuo yielded the 
hydrochloride salt as a white solid. This compound was 
suspended in CH^Clj and treated with sufficient DIEA to 
bring the pH to >io (moist pH paper) . The solution was 

10 treated with 7 molar equivalents of 

chlorotrimethylsilane and stirred for 15 h under 
nitrogen, then treated with 0.06 mmol of methzme 
sulfonyl chloride and stirred for l h. The resulting 
mixture was concentrated to a small volume, applied 

15 directly to a thick layer silica gel plate and eluted 
with 7% MeOH/CHjCl,. The primary UV-quenching band was 
isolated and further purified by preparative reversed- 
phase HPLC to yield the title compound as a white 
solid. TLC: Rf = 0.65, 10% CH3OH/CH2CI2, HPLC: Rt = 

20 12.3 min; ('h)-NMR (CDCI3) consistent with structure. 

Examples g at^H jt^r> 

A. Compound XIV ((syn, anti-OH, A = quinoline-2- 
carbonyl, D« = isobutyl) . A solution of 317 mg (0.425 
mmol) of the resultant compounds of Example 17B, 
25 diastereomer B and o.li mL (0.637 mmol) of 

diisopropylethyl amine in 7 mL of dichloromethane was 
treated with 139.1 mg (0.637 mmol) of di-tert-butyl 
dicarbonate. After 24 hours, the mixture was diluted 
with dichloromethane. The mixture was washed with 
water, 5% NaHCOg, 0.5 N HCl, brine then dried over 
Mgso^, filtered and concentrated in vacuo. The residue 
was purified by low pressure silica gel column 
chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 81.2 mg f 
the fast moving hydroxy 1 diastereomer, 65.8 mg of the 
slower moving hydroxyl diastere mer, and 65.8 mg of the 



30 
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mixed diastereomers, TLC: Rf = 0.60, 0.67, 40% 
EtOAc/CH2Cl2; (^H)-NMR (CDCI3) consistent with 
structure. 

B. Compoiinds 9 and 192. A solution of 35.1 mg (0.041 
5 inmol) of the resultant mixed diastereomers (-1:1) of 

Example 9/192A in 0.8 mL of dichloromethane was treated 
with 0.8 mL of trifluoroacetic acid. After 4 hours, 
the mixture was concentrated in vacuo. TLC: Rf = 0.11; 
10% CH30H/CH2C12* To a solution of the resulting 

10 trifluoroacetic acid salt (entire yield) in 1 mL of 
dichloromethane was seguentialled added 0.3 mL of 
sattirated NaHCOg, a small amount of solid NaHCOg and 
11.8 mg (0.054 mmol) of benzofuraz2ai-4-sulphonyl 
chloride. After 3 hours, the mixture was diluted with 

15 dichloromethane. The two layers were sepsurated and the 
aqueous layer was extracted once with dichlorome1:hane. 
The combined organic layer was washed with brine then 
dried over HgSO^, filtered and concentrated in vacuo. 
The, residue was pxirif ied by preparative HPLC to yield 

20 2.0 mg of compound 9 as a white solid: TLC: Rf = 0.20, 
5% CH3OH/CH2CI2; HPLC, RT 14.2 min. 2.7 mg of 
compound 192 was also obtained as a white solid, which 
was determined by NHR and HPLC to be conteuainated with 
-25% of compound 9: TLC: Rf - 0.20, 5% CH3OH/CH2CI2; 

25 HPLC, Rt = 14.2 min. (^H)-NMR consistent with 
structure. 

Examp3.e 10 

A. Compound XV ((syn)-OH, A = quinoline-2-carbonyl, 
D» = benzyl; TFA salt). A 0»C solution of 1.027 g 
30 portion of the resultant compound of Example IE in 5 mL 
of CH2CI2 was treated with 5 mL of TFA and allowed to 
stand for 3 h. The mixture was concentrated in vacuo 
to yield 0.95 g of the title compound, which was used 
without subsequent purification. 
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B. Campound .10. A solution of 30.2 mg of the 
resiiltazit can^ound of Bxazsple lOA in 3 xnL of CH2CI2 
treated with 0.33 inL of DIEA and 31.1 mg of m- 
benzenedisiilf onyl chloride. The mixture was stirred 
5 for 2 h, then treated with 2 mL of concentrated aqueous 
hydroxide. The biphasic mixture was stirred 
for an additional 16 h, concentrated in vacuo, and the 
residue partitioned between ethyl acetate suid brine. . 
The organic layer was dried over anhydrous MgSO^ and 
10 concentrated in vacuo, and the residue was purified by 
preparative thick layer silica gel chromatography using 
3% HeOH/CE2Cl2 as eluant to yield 4.5 of the title 
conpoTUid. TLC: Rf « 0.5, 3% MeOH/CH2Cl2 ^ eluemt to 
yield 4.5 mg of the title confound. TLC: Rf « 0.5, 3% 
15 MeOH/CHjClj. HPLC: Rt = 13.4 min; (^H) -NMR (CDClg) 
consistent with structure. 

Coxxipound 11. A solution of 57.9 mg of the 
resultant concpoiind of Exaznple lOA in 5 mL of CH2CI2 was 

20 treated with 30 /iL of DIEA and 9.3 ^L of 

dimethylsulfamoyl chloride. The mixture was stirred 
for 12 h, then treated with an additional 30 /iL of DIEA 
and 9.3 fiL of dimethylsulfamoyl chloride and the 
reaction was aJ^lowed to proceed an additional 12 hours. 

25 The mixture was then diluted with CH2CI2 and washed 

with saturated NH4CI; the aqueous layer was washed with 
CH2Cl2» and the combined organic extracts were dried 
over MgS04. Filtration and concentration provided a 
residue which was chromatographed on a silica gel 

30 column using 2.5% MeOH/EtOAc as eluent, yielding a 

slightly in^re product which was further purified by 
preparative HPLC using a linear gradient of 35% to 100% 
CH3/CN/H2O with 0.1% TFA for elution. HPLC: Rt = 13.0 
minutes. NMR (CDCLg) : 69.15 (d, IH) , 8.34 (d, IH) , 
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8.22 (d, IH) , 8.18 (d, IH) , 7.90 (d, IH) , 7.80 (t, IH) , 
7.S5 (t, IH), 7.16-738 (m, 5H) , 7.05 (d, IH) , 6.95 (t, 
IH), 6.87 (t, IH), 5.85 (br s, IH) , 5.62 (br s, IH) , 
4.87 (M, IH), 4.46 (s, 2H) , 4.08 (m, IH) , 3.66 (m, IH) , 
5 3.30 (m, 2H), 2.59-2.94 (m, 4H) , 2.81 (6, 6H) . 

gxample 12 

A. Compotmd XIV ( (syn) -OH, A « guinoline-2-carbonyl. 

« 

D* « benzyl ; trlfluoroacetate salt) • To a solution of 
1.027 g (1.164 xmnol) of the resultant: compound of 

10 Exanple IE in CH2CI2 (5 mL) at 0^ to 5 was added 

trifluoromethanesulfonic acid (5 xnL) . After stirring 
for 3 h, the reaction mixture was concentrated in vacuo 
to provide 0.95 g of light yellow, guxnny product, 
containing one equivalent of triphenylznethanol , which 

15 was used without subsequent ptirif ication. 

B. Cotx^oiind 12. To a solution of 30.2 mg 

(0.038 mmol) of the resultant confound of Example 12A 

in CH2CI2 (3 mL) was added diisopropylethylamine 

(0.33 mL, 0.189 mmol) , and 2- (pyrid-2-yl) -tyiophene-5- 

20 sulfonyl chloride 13 mg, (0.249 mmol) . After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
residue was purified by preparative reversed -phaBe 

25 chromatography using a 5% to 100% H20/acetonitrile 
gradient as eluant to yield the title product. 

Example 13 

Conpound 13. To a solution of 30 mg 
(0.038 mmol) of the resultant compound of Exaii?)le 12A 
30 in CH2CI2 (3 mL) was added diisopropylethylamine 
(0.33 mL, 0.189 mmol), and 2-(3- 

phenylsulfonyl) thiophene sulfonyl chloride (0.113 
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xnmol) . After stirring for 2 h, the reaction mixtxire 
was made biphasic by* addition of 30% ammnni ii ni hydroxide 
solution (2 mL) . After stirring for an additional 16 
h, the resultant mixture was concentrated in vacuo, 
5 reconstituted in ethyl acetate, washed with saturated 
brine, dried over magnesium sulfate, filtered, and re- 
concentrated in vacuo. Purification by thin layer 
prepcurative chromatography yielded the desired 
confound. 

Compound 14. The resulting conqpound of 
Exaii?>le 17B, diastereomer B (170 mg) was treated with l 
mL of 90% aqueous TFA and allowed to stand for 12 h. 
The mixture was concentrated in vacuo and the residue 

15 taken up in 5 mL of dry CH2C12* To this solution, 3 mL 
of saturated aqueoixs sodium bicaxbonate and 50 mg of 
4*.fluorobenzenesulf onyl chloride was added and the 
mixture stirred for 3 h. The restilting mixture was 
diluted with CH2CI2 and washed with water, dried over 

20 magnesium sulfate and filtered. After concentration of 
the mixture in vacuo, a portion of the residue was 
purified by preparative reversed -phase 0^3 HPLC using a 
linear gradient of 35% to 100% CBgCN/HjO with 0.1% TFA 
for elution to obtain 3.0 mg of the title compound. 

25 TLC: Rf « 0.25, 5% CH3OH in CHjClj. HPLC: Rt » 14.78 
min; (^H)-NMR (CDCI3) consistent with structure. 

Ccmpoimd 15. A sanple of a mixture of 4- 
fluoro-3-acetamidobenzenesulf onyl chloride and 3- 
30 f luoro-4 -acetamidobenzenesulf onyl chloride (approx. 

1:1; obtained from Maybridge Chemicals) was resolved 
into its respective regioisomers by silica gel 
chromatography using 10% isopropyl alcohol/hexane as 
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eluent. A solution of 4-acetainido-3- 
fluorobenzenesulf onyl chl oride (30 mg) and the 
resulting can?)ound of Bxanqple 17B, diastereomer B (80 
mg) in 10 mL of CH2CI2 reacted in the same manner 

5 as described for Example 14. After workup and 

pixification of a portion of the product by preparative 
reversed-phase C-,3 HPLC \ising a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TPA as eluent, 1.2 mg of 
the title compound was obtained as a white solid. TLC: 

10 Rf « 0.25, 5% CH3OH in CHjClj. HPLC: Rt « 12.91 min? 
(^H)-NMR (CDCI3) consistent with structure. 

Example 16 

Caopound 16. 80 mg of the resulting confound 
of Exanple 17B, diastereomer B, was reacted with 45 mg 

15 of 3-acetamido-4-fluorobenzenesulfonyl chloride in the 
same manner as described for Example 14. After worlcup 
and purification of a portion of the product by 
preparative reversed-phase C^g HPLC xxsing a linear 
gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 

20 eluent, 1.4 mg of the title conipound was obtained. 

TLC: Rf = 0.25, 5% CH3OH in CH2CI2. HPLC: Rt « 12.91 
min; (^H)-NMR (CDCI3) consistent with structure. 

TCvaT^J^ A 17 

A. (2S)-2-((lS, 2R syn, anti)-3-(2- 
2 5 methy Ipropyl ) amino - 1 - benzyl - 2 - hydoxypropy 1 ) - - 

( (quinoline-2-carbonyl) -amino) -N^-trityl succinamide. 
A solution of 683.1 mg (0.96 mmol) of the resultant 
coiqpounds of Example 191D and 1.9 mL (19.2 mmol) of 
isobutylamine in 10 mL of acetonitrile in a sealed tube 
30 was heated at 90-lOO^C for 24 hours. After cooling to 
room ten^erature, the mixtiire was concentrated 
in vacuo. The residue was taken up in dichloromethane 
and washed with water, brine, then dried over MgS04, 
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filtered and concentrated in vacuo to yield 783.8 mg of 
the mixed diastereomeric products. TLC: Rf » 0.11, 10% 
CH3OH/CH2CI2; (^H)-NMR {CDCI3) consistent with 
structure. 

5 B. Con?>ound XIII, ( (syn, anti) -OH, A - quinoline-2- 
carbonyl, D* » isobutyl) . A solution of 583.8 mg of 
the resultant con;)ounds of Bxaxqple 17A and 0.2 mL of 
diisopropylethylamine in 10 mL of dichloromethane \tfas 
treated with 256 mg of di-tert-butyl dicarbonate. 

10 After 24 hours, the mixture was diluted wiUi 

ri-s rhi nynffn^a^hariA The mixtxire was washed with water, 5% 
NaHC03, 0.5 N HCl, brine then dried over MgS04, 
filtered and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 

15 chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 154.6 mg of 
the feist moving diastereomer A, later identified as 
having the anti conf igiiration at the hydroxyl center; 
98.8 mg of the slower moving diastereomer B, having the 

20 syn configuration at the hydroxyl center, and 204.6 mg 
of the mixed diastereomers A and B. TLC: Rf » 0.60, 
0.67, 40% EtOAc/CH2Cl2. 

C. Compoxind 17. A solution of 64.6 mg of the 
resultant coir?)ounds of Example 17B, diastereomer B, in 

25 1.5 mL of dichloromethane was treated with 1.5 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the amine 
trifluoroacetate salt. TLC: Rf « 0.11, 10% 
CHgOH/CHjClj. To a solution of 17.8 mg of the resultant 

30 trifluoroacetate salt in 1 mL of dichloromethcme was 

sequentially added 0.3 mL of saturated NaHCOg, a small 
amoxmt of solid NC1HCO3 and 10.7 mg of 4-acetamido- 
benzenesulphonyl chloride. After 3 hours, the mixture 
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was diluted with dichloromethane . The two layers were 
separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgS04, filtered and 
5 concentrated in vacuo. The residue was purified by 

preparative HPLC to yield 14.4 mg o£ the title confound 
as a white solid; TLC: Rf « 0.54, 10% CH3OH/CH2CI2; 
HPLC, Rt ^ 13.58 min; (^H)-NMR (CDCI3) consistent with 
structure. 

10 ^ P?r?TOlf IP 

Compound 18. To a solution of 20.8 mg (0.041 
mmol) of the crude trifluoroacetate salt obtadLned as 
from Example 17B, diastereomer B, in 1 mL of 
dichloromethane was sequentially added 0.3 xnL of 

15 saturated NaHC03, a small amount of solid NaHC03 and 
13.6 mg (0.054 mmol) of 2-acetamido*4-methyl-5- 
thiazolesulphonyl chloride. After 3 hours, the mixtxire 
was diluted with dichloromethane. The two layers were 
separated and the aqueous layer was extracted once with 

20 dichloromethane. The combined organic layer was washed 
with brine then dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by 
preparative HPLC to yield 4.8 mg of the title can?)ound 
as a white solid; TLC: Rf « 0.50, 10% CH30H/(3l2Cl2; 

25 HPLC: Rt = 13.35 min; (^H)-NMR (CDCI3) consistent with 
structure. 

E?mnpJ-e I? 

A. Sodium 3-acetamidobenzenesulfonate. A solution of . 
118.6 mg (0.55 mmol) of 3-acetamidobenzenesulf onic acid 
30 in 0.5 mL of water was treated with 0.55 mL (0.55 mmol) . 
of 1.0 N NaOH at 0«C, After stirring at room 
teii5)erature for 4 hours, the mixture was concentrated 
to dryness and used without subsequent purification. 
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B. 3 -Acetamidobenzenesulf onyl chloride. The crude 
mixture from Bxanple 19A was cooled to 0"C and 0.29 g 
(1.38 xmnol) of phosphorus pentachloride was added. The 
mixture of solid was stirred for 3 hours then 5 mL 
dichlorooTiethane was added. After 24 hours, the slurry- 
was filtered and concentrated in vacuo to yield 81.4 mg 
of solid product which was iised without subsequent 
ptirification. TLC: Rf - 0.50, 40% BtOAC/CHjClj. 

C. Coo^jound 19. A solution of 82.7 mg (0.098 mmol) 
of diastereomer B, obtained in Example 17B, in 2 mL of 
dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the aTn<ne 

trif luoroacetate salt which was used without further 
15 purification; TLC: Rf = 0.11, 10* CHgOH/CHjClj . A 
solution of this salt (entire yield) in 2 mL of 
dichloromethane was treated sequentially with 0.5 mL of 
saturated NaHCHOg, small amount of solid NaHCOg and a 
solution of 81.4 mg (0.046 mmol) of the resultant 
20 compound of Example 19B. After 3 hours, the mixture 

was diluted with dichloromethane. The two layers were 
separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
25 concentrated in vacuo. The residue was purified by 

preparative HPLC to yield 24.7 mg of the title compound 
as a white solid; TLC: Rf - 0.42, 10% CHgOH/CHjClj ; 
HPLC: Rt o 13.8 min; (^H) -NMR (CDClg) consistent with 
structure . 
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CQnpoxmd 20. A solution o£ 209.0 mg (0.24 
znmol) of the resxiltant compound of Exaisple 17B, 
diastereomer B, in 5 mL of dichloroxnetliane was treated 
5 with 5 xnL of trifluoroacetic acid. After 4 hours , the 
mixture was concentrated in vacuo. TLC: Rf = 0.11, 10% 
CH30H/CH2C12. To a solution of this residue in 2 mL of 
dichl or ome thane was sequentially added 0.5 mL of 
saturated NaHC03, a small amount of solid NaHCOg oind 

10 70.2 mg (0.32 mmol) of benzofurazan- 4* sulphonyl 

chloride. After 3 hours, the mixture was diluted with 
dichloromethane. The two layers were separated and the 
aqueous layer was extracted once with dichloromethane. 
The coznbined organic layer was washed with brine then 

15 dried over MgS04, filtered and concentrated in vacuo. 
The residue was pxxrified by preparative HPLC to yield 
108.0 mg of the title compound as a white solid; TLC: 
Rf = 0.60, 10% CH3OH/CH2CI2; HPLC: Rt « 14.95 min; (^H) - 
NMR (CDCI3) consistent with structure. 

20 Example 21 

Coxi^oiind 21. The resulting conqpoxind of Exaziple 
17B, diastereomer B, (228 mg, 0.27 mmol) was dissolved 
in 1:1 CH2CI2/TFA (10 mL) , and the reaction mixture 
stirred for 3.5 hours, then concentrated to dryness to 

25 afford the product trifluoroacetate salt as a yellow 
solid which was used in the next reaction without 
purification. To a solution of this residue (34.7 mg, 
0.05 mmol) in CH2CI2 (3 mL) was added Heunig's base (41 
m1» 0.24 mmol) and dimethylsulf amoyl chloride (11 ^1, 

30 0.09 mmol), and the reaction was stirred for 17 hours 
at room temperature. The reaction mixture was then 
diluted with CH2CI2 and washed with saturated NH^Cl, and 
the orgcmic layer was dried over MgSO^. Filtration and 
concentration provided a residue which was 
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chromatographed on a silica gel colxamn iising 8% 
CH3OH/CH2CI2 as eluent, yielding the desired caxapausxd 
which was further subject to purification by 
preparative HPLC. HPLC: Rt » 13* 8 minutes. TLC: Rf =, 
5 0.40, 8% CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure . 

A. N^-isocyano-L-valine methyl ester. To the HCl 
salt of valine methyl ester (2.08 g, 12.40 mmol) in 

10 toluene (20 mL) was added a 20% solution of phosgene in 
toluene (32 mL, 62.00 mmol), zmd the solution was 
heated at reflux for 12 hours. The reaction was then 
cooled to room textperature and concentrated in vacuo to 
give a pale yellow liquid which was used in the 

15 subsequent reaction without pxirification. TLC: Rf a 
0.88, 50% Hexane/EtOAc; (^H)-IIMR (CDCI3) consistent 
with structure. 

B. N^- (2-pyridylmethyl) -oxycarbonyl-L-valine methyl 
ester. A mixture of 2-pyridylcarbinol (941 /il, 

20 9.75 mmol) and the resulting confound of Example 22A 
(1.28 g, 8.12 mmol) were allowed to stir in CH2CI2 
(7 mL) for 12 hours, then the reaction was concentrated 
and the residue chromatographed with 50% hexane/EtOAc 
to afford 2 . 03 grams of the title conqpoimd as a 

25 colorless oil. TLC: Rf « 0.26, 50% Hexane/EtOAc; (^H)- 
NMR (CDCI3) consistent with structure. 

C. N^- (2-pyridylmethyl) -oxycarbonyl-L- valine. A 
solution of the resulting compound of Example 22B 
(634 mg, 2.38 mmol) in a 1/1 mixture of IN HCl/THF 

30 (6 mL) containing 12 N HCl (0.5 mL) was allowed to stir 
at room temperature over 15 hotirs, but much starting 
material was still present by TLC. Hence, more 12 N 
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HCL was added (1 mL) , and the reaction stirred an 
additional 48 hoiirs. The reaction was then 
concentrated to dryness and diluted with CH2Cl2f 
yielding the desired carboxylic acid as an insoluble 

5 resin which was washed with additional C&2^2' 

providing 22C which contained minor quantities of 22B. 
This material was used in the subsequent reaction 
without further purification. TLC: Rf = 0.11, 8% 
CH3OH/CH2CI2; (^H)-NMR {CDCI3) consistent with 

10 structure. 

D . Conpound XXX (A - (2 -pyridylmethyl ) - oxycarbonyl , 

« isopropyl, R^' = H, D' « isobutyl. A" = tert- 
but oxycarbonyl) • To the resulting conpound of Example 
21B (277 mg, 0.82 mmol) in CH2CI2 (5 mL) was added 

15 1 - ( 3 - dimethylaminopropyl ) - 3 - ethyl carbodiimide 

hydrochloride (210 mg, 1.10 mmol), the acid 22C (402 
mg, 1.10 mmol) , and 1-hydroxybenzotriazole hydrate (148 
mg, 1.10 mmol) • The reaction proceeded for 12 hours at 
room temperature, then was diluted with CH2CI2 and 

20 washed successively with satxirated NH4CI and NaHC03, 

and the organic layer was dried over MgSO^. Filtration 
and concentration provided a residue which was 
chromatographed on a silica gel column using 17% 
THF/CH2CI2 as eluent, yielding 396 mg of product. TLC: 

25 Rf « 0.26, 17* THF/CH2CI2; (^Hj-NMR (CDCI3) consistent 
with structure. 

E. Compoimd 22. The resulting coxnpound of Exanple 
22D (396 mg, 0.69 mmol) was dissolved in 90% aqueous 
TEA (11 mL) , and the reaction mixture stirred for 3 
30 hours at room tenperatxire , then was concentrated to 

dryness. To a solution of this residue (231 mg. 0.33 
mmol) in CH2CI2 (5 mL) was added excess solid NcaiC03 
(approx. 1 gram) and saturated aqueous NaHCOo (20 /il) , 
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foil wed by N-acetylsulfanilyl chloride (116 n^, 0.50 
mmol) , and the reaction proceeded f r 12 hours at room 
ten^erature. The reaction mixture was then diluted 
with CH2CI2 and washed with satxirated NaEC03, 
5 orgcuiic layer %ras dried over MgSO^. Filtration cmd 
concentration provided a residue which was 
chromatographed on a silica gel column using 8% 
CH3OH/CH2CI2 as eluent, yielding the desired ccnpoimd 
which was further siibject to purification by 

10 preparative HPLC (76.1 xng of 3 was obtained) . HPLC: 
Rt B 12.1 minutes. TLC: Rf = 0.46, 6\ CH3OH/CH2CI2; 
NMR (C35CI3): 8.76 (d, IH), 8.40 (br 8, IH) / 8.26 (t, 
IH), 7.72 (d, 2H), 7.67 (d, 2H) , 7.58 (d, 2H) , 7.37 (d, 
IH), 7.25 (m, 4H). 7.16 (br d, IH} , 6.47 (d, IH) , 5.65 

15 (d, IE), 5.26 (d, IH), 4.32 (m, IH) , 3.91 (t, IH) , 3.83 

(m, IH), 3.23 (d, IH), 3.05 (m, 2H), 2.68-3.10 (m, 3H) , 
2.22 (m, 3H), 2.0 (m, IH), 1.82 (m, IH) , 0.85 (d, 3H) , 
0.80 (d, 3H), 0.71 (d,3H), 0.65 (d, 3H) . 

20 Conqoound 23. Prepared by the same route as 

described for Exaii?)le 22, except 4-pyridylcarbinol was 
utilized for reaction with the product of Exanple 22A. 
HPLC: Rt a 12.0 minutes. TLC: Rf - 0.50 (8V 
CH3OH/CH2CI2) ; (^H)-NMR (CDCI3) consistent With 

25 structure. 

Example 

Compound 24. A solution of the resulting 
con?)ound of the trifluoroacetic acid deprotectlon of 
Exan^jle 22D (as described in Exaii?)le 22E; 215 mg, 0.31 
30 mmol) in CH2CI2 at room teii?>erature was treated with 
diisopropylethylamine (214 /xl, 1.23 mmol) and 
dimethylsulfamoyl chloride (40 fil. 0.37 mmol) in CH2CI2 
at room temperature in CH2CI2 at room tenperature for 
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12 hours. The reaction mixture was concentrated and 
chromatographed on a silica gel column with 5% 
CH3OH/CH2CI2 as eluent, yielding the desired compound 
which was further subject to purification by 
5 preparative HPLC (9.5 mg obtained). HPLC: Rt = 14.4 
minutes. TLC: Rf = 0.88, 11* CH3OH/CH2CI2; (^H)-NMR 
(CDCI3) consistent with structure. 

BagfflPle 25 

Compound 25. This compound was prepared by 
10 the route described for Bxan^le 22, except that 

3-pyridylcarbinol was utilized for reaction with the 
conpound produced in Exanple 22Kt and in the reaction 
corresponding to 22E, the trifluoracetate-deprotected 
material was reacted with benzofurazan- 4 -sulphonyl 
15 chloride. HPLC: Rt « 9.4 minutes. TLC: Rf « 0.10, 11% 
CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure. 

Example 26 

Con?>ound 26. A solution of the resulting 
20 con?)o\md from the trifluoroacetic acid deprotection of 
Example 22D (as described in Exauqple 22E; 27 mg, 0.14 
mmol) in CH2CI2 was treated with excess solid NaHC03 
(approx. 1 gram) and saturated aqueous NaHC03 f^^^ ' 
then stirred vigorously at room temperature for 3 
25 hours. The reaction mixture was decanted from the 
solids, concentrated, then the residue was purified 
directly by preparation HPLC (3.0 mg of white solid 
obtained). HPLC: Rt « 14.7 minutes; (^H)-NMR {CDCI3) 
consistent with structure. 

30 Example 27 

Compound 27. A solution of 33 mg of the 
resultant con?)oxmd of Exaji?)le 4 OA in CH2CI2 was treated 
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sequentially, at ambient ten?)erature iinder an 
atmosphere of nitrogen, with 20 mg of N,N- 
diisopropylethylamine and 9.3 mg of allyl 
chlorof ormate. The mixture was stirred for 3 h and 
5 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered, cuid 
concentrated in vacuo. The residue was purified by 
prepairative thin layer silica gel chromatography iising 
10 a 2:1 mixture of (5:10:85 NH^OH/CHjOH/CHjClj) : diethyl 
ether to yield 24 mg of the title compound as a white 
solid. TLC: Rf » 0.53, 5:10:85 NH4OH/CH3OH/CH2CI2. . 
HPLC: Rt = 14.53 min; (^H)-NMR (CHDClg) consistent with 
structure. 

15 Example 28 

Conponnd 28. A solution of 47.5 mg of the 
resultant conqpound of Example 40A in CH2CI2 was treated 
sequentially, at ambient tenperature under an 
atmosphere of nitrogen, with 28.7 mg of N,N- 

20 diisopropylethylamine and 15.2 mg of isobutyl 

chlorof ormate. The mixture was stirred 3 h and then 
concentrated in vacuo. The residue was taken up in 
ethyl acetate cuid washed with 0.5 N HCl and saturated 
NaCl then dried over MgSO^, filtered, and concentrated 

25 in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
(5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl ether to yield 
45 mg of the title conqpound as a white solid. TLC: 
Rf « 0.60, 5:10:85 NH4OH/CH3OH/CH2CI2. HPLC: Rt = 15.58 

30 min; (''h)-NMR (CDCI3) consistent with structure. 

Example 29 

Coii5)Ound 29. A solution of 35.6 mg of the 
resultant conpound of Example 40A in CH2CI2 was treated 
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sequentially, at ambient ten?)eratnre under an 
atmosphere of nitrogen, with 21.5 mg of .N,N- 
diisopropylethylamine and 0*083 nL of 1.0 M isopropyl 
chloroformate. The mixture was stirred 3 h and then 

5 concentrated in vacuo. The residue was taJcen up in 

ethyl acetate and washed with 0.5 N HCl and satoirated 
NaCl then dried over MgS04, filtered, and concentrated 
in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 

10 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl ether to yield 

33.2 mg of the title compound as a white solid. TLC: 
Rf - 0.56, 5:10:85 NH4OH/CH3OH/CH2CI2. HPLC: Rt = 14...81 
min; (^H)-NMR (C3)Cl3) consistent with structure. 

15 A. (2-Pyrrolidinonyl-hydroxyethyl-N- 

hydroxysuccinimdyl carbonate. A solution of 572 mg of 
1- {2-hydroxyethyl) -2-pyrrolidinone and 1.70 g of N,N'- 
disuccinimidyl carbonate in acetonitrile was treated, 
at ambient tenperature under an atmosphere of nitrogen, 

20 with 1717 mg of N,N-diisopropylethylamine. The mixture 
was stirred for 14 h and concentxrated in vacuo. The 
residue was taken up in ethyl acetate and washed with 
saturated NaHC03, saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo to yield 

25 200 mg of a white solid. TLC: Rf « 0.56, 10% 

isopropanol in CH2CI2; (^H) -NMR (CDCI3) consistent with 
structure. 

B. Conqpoiind 30. A solution of 68 mg of the resultant 
compound of Example 3 OA in CH2CI2 was added, at ambient 
30 tezoperature under an atmosphere of nitrogen, to a 

solution of 32 mg of the resultant coopoimd of Example 
40A and 39 mg N,N-diisopropylethylamine in CH2C12* The 
mixture was stirred for 4 h, diluted with CH9CI9, 
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washed with saturated NaHCOg and saturated NaCl, then 
dried over MgS04, filtered, and concentrated in vacuo. 
The residue was subjected to preparative thin layer 
silica gel chromatography using a 2:1 mixture of 
5 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl ether to yield 45 mg 
of residue. About 20 mg of this residue was purified 
by preparative HPLC to yield 13.5 mg of the title 
con^jound as a white solid. TLC: Rf = 0.47, 5:10:85 
NH4OH/CH3OH/CH2CI2. HPLC: Rt - 12.79 mid; (1H) -NMR 
10 (CDCI3) consistent with structure. 

Compound 31. A solution of 39.7 mg of the 
resultant coii5)Ound of Exas^le 4 OA in CH2CI2 was treated 
sequenticLlly, at ambient temperature under an 

15 atmosphere of nitrogen, with 24 mg of N,N- 
diisopropylethylamine and 14.5 mg of phenyl 
chlorof ormate • The mixttire was stirred for 3 h and 
rh ^ry concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 

20 saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
a 2:1 mixture of 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl 
ether to yield 39.7 mg of the title compound. TLC: 

25 Rf = 0.53, 5:10:85 NH4OH/CH3OH/CH2CI2. HPLC: Rt « 15.22 
min; (^H) -NMR (CDCI3) consistent with structure. 

Exguffpa,? 3? 

Compound 32. A solution of 391 mg of the 
resxiltant coopound of Exasple 39A in 4:1 
30 CH2Cl2/saturated aqueous NaHC03 was treated 

sequentially, at ambient temperature imder cui 
atmosphere of nitrogen, with 271 mg of 4- 
fluorobenzenesulf onyl chloride and 117 mg of soditmi 
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bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
5 chromatography using 5* diethyl ether in CH2CI2 as 

eluent to yield 420 mg of the title campoiind as a white 
solid. TLC: Rf » 0.20, 5V diethyl ether in CH2CI2. 
HPLC: Rt « 17.41 min; (^H) -NMR (CDCI3) consistent with^ 
structure. 

Coii?)Ound 33. A solution of 30 mg of the 
resultant confound of Exanple 40A in CH2CI2 was treated 
sequentially, at ambient ten?)erature under an 
atmosphere of nitrogen, with 18.1 mg of N,N- 

15 diisopropylethylamine and 9.3 mg of benzyl isocyanate. 
The mixture was stirred 14 h and then concetrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgS04, filtered, and concentrated in vacuo. The 

20 residue was purified by preparative thin layer silica 
gel chromatography using a mixture of 5:10:85 
NH4OH/CH3OH/CH2CI2 to yield 30.2 mg of the title 
compound as a white solid. TLC: Rf « 0.56, 5:10:85 
NH4OH/CH3OH/CH2CI2. HPLC: Rt = 14.36 min; (^H)-NMR 

25 (CDCI3) consistent with structure. 

Example 34 

Compoxuid 34. A solution of 55 mg of the 
resultant compoxuid of Exan^le 4 OA in CH2CI2 was treated 
sequentially, at ambient texiperature under an 
30 atmosphere of nitrogen, with 33.3 mg of N,N- 

diisopropylethylamine and 17.8 mg of 2-methoxyethyl 
chlorof ormate. The mixture was stirred for 3 h and 
then concentrated in vacuo. The residue was taken up 
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in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue «ia8 purified by 
prepairative thin layer silica gel chromatography using 
5 a 2:1 mixture of (5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl 

ether to yield 48.1 mg of the title compound as a white 
solid. TLC: Rf - 0.56, 5:10:85 NH4OH/CH3OH/CH2CI2. 
HPLC: Rt = 13.43 min; (^H)-NMR (CDCI3) consistent with 
structure. 

10 Example 35 

A. Con?)ound XXI (D' = isobutyl. A' » 4-fluorophenyl, 
hydrochloride salt) . A solution of 398 mg of the 
resultant compound of Bxantple 32 in ethyl acetate was 
treated at -20 "C with HCl gas. The HCl was bubbled 

15 through the mixture for 20 min over which time the 

ten?)erature was allowed to warm to 20 "C. Nitrogen was 
then bubbled through the mixture for 15 ^n^r^ and solvent 
removed in vacuo to yield 347 mg of the title con?)ound 
as a white solid. TLC: Rf = 0.82, 5:10:85 

20 NH4OH/CH3OH/CH2CI2; ('h)-NMR (CDCI3) consistent with 
structure. 

B. Compound 35. A solution of 111 mg of the 
resultant con?)ound of Example 35A in CHjClj was added, 
at ambient ten?jerature under an atmosphere of nitrogen, 
to a solution of 118 mg of the resultant conpound of 
Example 48A and 133 mg N,N-diisopropylethylamine in 
CH2CI2. The mixture was stirred for 14 h, diluted with 
CH2CI2, washed with saturated NaHC03 saturated NaCl, 
then dried over MgS04, filtered, and concentrated 

30 in vacuo. The residue was subjected to preparative 

thin layer silica gel chromatography using 5% CH3OH in 
CHjClj to yield 98.8 mg of the title con^jound as a 
white solid. TLC: Rf - 0.48, 5% CH3OH in CH2CI2. HPLC: 



25 



wo 94/05639 



PCr/US93/084S8 



- 132 - 

Rt o 15.18 min; {^H)-NMR (CDCI3) consistent with 
structure . 

Compoxind 36. A solution of 48 mg of the 
5 resultant cospound of Example 40A in CH2CI2 was treated 
sequentially r at ambient tezoperature under an 
atmosphere of nitrogen, with 29.0 mg of N/N- 
diisopropylethylamine and 15.1 mg of 3-butenyl 
chlorof ormate. The mixture was stirred for 3 h cuid 

10 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered r and 
concentrated in vacuo. The residue was piirified by 
.preparative thin layer silica gel chromatography using 

15 a 2:1 mixture of (5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl 

ether to yield 43 . 8 mg of the title compomxd as a white 
solid. TLC: Rf » 0.83, 5:10:85 NH4OH/CH3OH/CH2CI2; Rf » 
0.24, 5% diethyl ether in CH2C12- HPLC: Rt « 14.76 
min; (^H)-NMR {CDCI3) consistent with structure. 

20 ' Example 37 

Cait?)o\md 37, A solution of 99 mg of the 
resultant conpoiind of Exanple 51D in 4:1 
CH2Cl2/saturated aqueous NaHCOg was treated 
sequentially, at ambient ten5)erature tinder an 

25 atmosphere of nitrogen, with 83.2 mg of 3,4- 

dichlorobenzenesulf onyl chloride smd 29 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH2CI2, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

30 residue wb.b siibjected to operative thin layer silica 
gel chromatography using 5% CH3OH in CH2CI2 to yield 
107 mg of the title conqpound as a white solid. TLC: Rf 
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= 0.35 (5* CH3OH in CHjClj) • HPLC: Rt - 17.27 min; 
(^H)-NMR (CDCI3) consistent with structiire. 

Example 3 8 

Coinpound 38. To a solution of 32 mg of the 
5 resiiltant con?)ound of Exair^jle 35A in CH2CI2 was added, 
at ambient teii5>erature under an atmosphere of nitrogen, 
14 mg of benzyl chlorof ormate anrf 21 mg N,N- 
diisopropylethylamine . The mixture was stirred for 4' 
h, diluted with CH2CI2, washed with saturated NaHCOg gr ui 

10 saturated NaCl, then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
10* diethyl ether in CH2CI2 as eluent to yield 33 mg of 
product. TLC: Rf » 0.62, 10% diethyl ether in CH2CI2. 

15 HPLC: Rt » 17.27 min. (^H)-NMR (CDCI3) consistent with 
structure. 

Example r^Q 

A. Compound XXI (D' .= isobutyl, A « tert-butoaqr 
carbonyl. A' = H) . A solution of 4.1 g of epoxide XX 

20 (A»Boc) in 30 mL of ethanol was treated with 22.4 mL of 
isobutylamine and heated vmder reflux for 1 h. The 
mixture was concentrated to yield the title con^joimd as 
a white solid which was used without subsequent 
purification. NMR (CDCI3) : 60.91 (d, 3H) ; 0.93 (d, 

25 3H); 1.37 (s, 9H) ; 1.68 (br s. 2H) ; 2.40 (d, 2H) ; 2.68 
(d, 2H); 2.87 (dd, IH) 2.99 (dd, IH) ; 3.46 (dd, IH) ; 
3.75 (br s, IH); 3.80 (br s, IH) ; 4.69 (d, IH) ; 7.19- 
7.32 (m, 4H). 

B. Con^jound 39. To a solution of 514.1 mg of the 
30 resultant conqpound of Exanqple 39A in dichloromethane 

(10 mL) was added aqueous sodium bicarbonate (5 mL) and 
N-acetylsulfanilyl chloride (428.4 mg) . After 14 h, 
the resulting mixture was diluted with ethyl acetate, 
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washed with sodium bicarbonate, saturated brine, dried 
over magnesium sulfate, filtered and concentrated 
in vacuo • The residue was purified by low pressure 
silica gel column chromatography using 20% ethyl 
5 acetate in dichloromethane eluent to yield 714.4 mg of 
the title product. TLC: Rf « 0.63, 60% ethyl 
acetate/dichloromethane, HPLC: Rt « 15.3 min; {^H)-NMR 
(ODClg) consistent with structure. 

10 A. Conqpound XXII (D' «= isobutyl, A « H, B - 4- 

acetamidophenyl) , hydrochloride salt. To a solution of 
691.4 mg (1.296 mmol) of the resultant con^oxmd of 
Exflmple 39B in ethyl acetate (20 mL) at -20 was 
bubbled anhydrous HCl gas for 10 min. The ice bath was 

15 removed and after an additional 15 min. , the reaction 
mixture was sparged with nitrogen then concentrated 
in vacuo to provide 610 mg of title product which was 
used without subsequent purification. 

B. Conpoiind 40. A solution of 41.5 mg of the 
20 resultcuit crude compoxind of Exazt^le 40A in 5 mL of 

dichloromethane was treated sequentially, at ambient 
temperature under an atmosphere of nitrogen, with 
18.1 mg of L- dihydroorotic acid, 0.031 mL (0.176 mmol) 
diisopropylethylamine, 15.5 mg (0.115 imnol) of 1- 
25 hydroxybenzotriazole hydrate, 22 mg (0.115 mmol) EDC. 
After 1 h, the slurry was treated with 1 mL of 
dimethylformamide. The mixture was stirred for 16 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with water and saturated 
30 brine, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by 
thin layer prepaxative chromatography using (1/2/17 
v/v/v/ 30% ammonium hydroxide/methanol/dichlomethane) 
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eluent to provide 34.2 mg of the title, product . TLC: 
Rf « 0.33, 1/2/17 v/v/v/ 30% ammoniiim hydroxide/ 
methanol/dichlamethajae) . HPLC: Rt = 11.3 min; (^H)-NMR 
{CDCI3) consistent with structure. 

Confound 41. To a solution o£ 42.8 mg of the 
resultant compound of Exanple 40A in 5 zoL 
dichloromethane was added sequentially, at ambient 
tenperature tinder an atmosphere of nitrogen, 17.2 mg of 

10 N-tert-butyi glyoxalic acid, 0.032 mL 

diisopropylethylamine, 16 mg of l-hydroxybenzotriazole 
hydrate, 22.6 mg EDC. The mixture was stirred for 16 h 
and then concentrated . in vacuo. The residue was taken 
up in ethyl acetate Euid washed with water, 0.5 N 

15 hydrochloric acid, washed with sodium bicarbonate, 

saturated brine, dried over magnesium sulfate, filtered 
and concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using 40% ethyl 
acetate/dichloromethane eluent to provide 14.9 mg of 

20 the title product. TLC: Rf = 0.47, 40% ethyl acetate/ 
dichloromethane, HPLC: Rt = 15.2 min; (^H) -NMR (CDClg) 
consistent with structure. 

Example 42 

Con?)oxind 42. To a solution of 43.5 mg of the 
25 resultant crude confound of Exaitple 40A in 5 mL 

dichloromethane was added sequentially at ambient 
tenqperature, xinder an atmosphere of nitrogen, 13.0 mg 
of succinamic acid, 0.024 mL diisopropylethylamine, 
15.0 mg of l-hydroxybenzotriazole hydrate, at^^j 21.3 mg 
30 EDC. The mixture was stirred for 16 h and then 

concentrated in vacuo. The residue was taken up in 
ethyl acetate cuid washed with sodium bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 
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and concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using (1/2/ 11 
v/v/v/ 30% ansnoniijin hydroxide/methanol/dichlomethane) 
eluent to provide 35.3 mg of the title product. TLC: 
5 Rf - 0.25, 1/2/11 v/v/v/ 30% amnonium hydroxide/ 

methanol/dichlomethane, EPLC: Rt = 11.6 min; (^H)-NMR 
(CDCI3) consistent with structure. 

BxaniDle 43 

Conqpound 43. To a solution of 42.8 mg of the 
10 resultant confound of Example 40A in 5 mL 

dichloromethane was axided sequentially, at ambient 
tenperature under an atmosphere of nitrogen, with 
14.1 mg of L-pyroglutamic acid, 0.024 mL 
diisopropylethylamine, 14.8 mg of 1- 
15 hydroxybenzotriazole hydrate, 20.9 mg EDC. The mixttire 
was stirred for 16 h and then concentrated in vacuo. 
The residue was taken up in ethyl acetate and washed 
with water, 0.5 N hydrochloric acid, washed with sodium 
bicarbonate, saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
residue was purified by thin layer preparative 
chromatography using (1/2/ 11 v/v/v/ 30% ammonium 
^ hydroxide/methanol/dichlomethane) eluent to provide 
29.9 mg of the title product. TLC: Rf . = 0.33, l/2/ll 
25 v/v/v/ 30% ammonium hydroxide/ methanol/ dichlome thane, 
HPLC: Rt = 11.7 min; (^H) -NMR (CDCI3) consistent with 
structure . 



20 



30 



Example aa 

A. 3-Pyridylmethyl-N-hydroxysucchinimdyl carbonate. 
To a solution of I8I.0 mg of 3 pyidinecarbinol in 5 mL 
acetonitrile was added sequentially at ambient 
temperature under an atmosphere of nitrogen, with 
0.72 mL diisopropylethylamine and 354.1 mg of N.N' - 
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disuccinimidyl caxbonate. After 4 h, the resiiltant 
mixture was concentrated in vacuo to prcrvide a yellow 
solid which was used without sxibseguent purification. 

B. Coznpound 44. To a solution of 58.1 mg of the 
5 resultant crude con^oimd of Exan^le 40A in 3 xnL of 
di chT oroiTiPthane was added sequentially, at ambient 
temperatxire \mder an atmosphere of nitrogen, 0.075 mL 
diisopropylethylamine and 46.3 mg of the resxiltant 
confound of Exanqple 2 OA. The mixture was stirred for 

10 16 h and then concentrated in vacuo. The residue was 
taken up in diethyl ether and extracted into 3 x 25 mL 
of 0.5N HCl. The combined aqueous extracts were 
adjusted to pH 8 with solid sodium bicarbonate and 
extracted into 3 x 25 mL ethyl acetate. The combined 

15 organic extracts were washed with saturated brine, 
dried over magnesiiim sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
-thin layer preparative chromatography using (1/2/17/20 
v/v/v/ 30% ammonium hydroxide/methanol/dichlomethane/ 

20 diethyl ether) eluent to provide 10.3 mg of the title 

product. TLC: Rf = 0.4, 1/2/17/20 v/v/v/ 30% ammonium 
hydroxide/methanol/dichlomethane/diethyl ether, HPLC: 
Rt = 11.8 min; (^H)-NMR (CDCI3) consistent with 
structure. 

25 Example 45 

Confound 45. To a solution- of 28.3 mg of the 
resultant con?)Ound of Example 39 A in 4 mL of 
dichloromethane was added 1 mL saturated aqueous sodixam 
bicarbonate solution, 9.2 mg sodium bicarbonate, and 
30 0.013 mL of benzenesulf onyl chloride. After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
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residue was purified by thin layer preparative 
chromatography using 10% diethyl ether/dichloromethane 
eluent to provide 19 • 3 mg of the title product. TLC: 
Rf = 25% diethyl ether/dichlormethaner HPLC: Rt = 

5 17.2 min? (^H)-NMR (CDCI3) consistent with structure. 

Compound 46. To a solution of 47.0 mg (0.140 

* 

inmol) of the resultant confound of Exas^le 39A in 4 mL 
of dichloromethane was added 1 mL sattirated aqueous 

10 sodiiim bicarbonate solution, 17.6 mg of solid sodium 
bicarbonate, and 41.4 mg of 2,4 dimethylthiazole-S- 
sulfonyl chloride. After 14 h, the resulting mixture 
was diluted with ethyl acetate, washed with saturated 
brine, dried over magnesium sulfate, filtered and 

15 concentrated in vacuo. The residue was purified by 

thin layer preparative chromatography using 25% ethyl 
acetate/dichloromethane eluent to provide 34.6 mg of 
the title product. TLC: Rf « 0.44, 25% diethyl ether/ 
dichloromethane, HPLC: Rt = 16.4 min; {^H)-NMR (CDCI3) 

20 consistent with structure. 

Example 47 

Coxipound 47. To a solution of 50.7 mg of the 
resultant caii5)ound of Example 39A in 4 mL of 
dichloromethane vras added 1 mL saturated aqueous sodium 

25 bicarbonate solution, 15.2 mg of solid sodium 

bicarbonate, and 2-fluoroben2enesulf onyl chloride 
35.2 mg. After 14 h, the resulting mixture was diluted 
with ethyl acetate, washed with saturated brine, dried 
over magnesium sulfate, filtered cmd concentrated 

30 in vacuo. The residue was purified by thin layer 
preparative chromatography using 10% diethyl 
ether/dichloromethane eluent to provide 40.5 mg of the 
title product. TLC: Rf = 0.44, 25% diethyl ether/ 
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dichloromethane, HPLC: Rt « 17.2 min; (^H)-NMR (CDCI3) 
consistent with structure. 

Example 48 

A. N-Buccinimidlyl- (S) -3-tetra±iydrofuryl caxbonate. 

5 To a solution of 12.5 mL of 1.93 M phosgene in toluene 
at 0-5«»C was added 1.3 g of (S) - (+) -3-hydroxy- 
tetrahydrofuran. After stirring for 2 h, the reaction 
mixture was sparged with nitrogen and then concentrated 
to dryness in vacuo to provide 1.486 g of crude 

10. chlorof ornate. This material was taken up in 10 mL of 
acetonitrile and treated sequentially at ambient 
tenperature under an atmosphere of nitrogen with 1.17 g 
of N* hydroxysuccini mi de and 1.41 mL of triethylamine. 
After stirring for 14 h, the reaction mixture was 

15 concentrated in vacuo to provide 3.44 g of the title 
product as a white solid. 

B. Caix?)oxind 48. To a solution of 87.2 mg of the 
resultant compound of Example 40A in 5 mL of 
dichloromethane was added sequentially, at ambient 

20 temperature \inder an atmosphere of nitrogen, 0.113 mL 
diisopropylethylamine and 68 mg of the resiiltant 
compound of Example 48A. The mixture was stirred for 
16 h cuad then concentrated in vacuo. The residue was 
taken up in ethyl acetate and washed with water, 0.5 N 

25 HCl, saturated sodium bicarbonate, saturated brine, 
dried over magnesium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
silica gel chromatography using (3/6/20/65 v/v/v/v/ 30% 
ammonium hydroxide/methcuiol/diethyl 

30 ether/dichlomethane) eluent followed by crystallization 
from a mixture of dichloromethane, diethyl ether, ? nf^ 
hexanes to provide 58 mg of the title product. TLC: 
Rf = 0.17, 75% ethyl acetate/dichloromethane, HPLC: 
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Rt = 13.1 min. ; (^H)-NMR (CDCI3) consistent with 
structure . 

Confound 49. Following the procedure 
5 described in Bxas^le 83, a solution of the resultant 
confound of Example 39A in CH2CI2 is reacted with 2,4- 
difluorobenzenesulfonyl chloride in the presence of 
water and NeOICOg. Following dilution with additional ' 
CH2CI2 and aqueous worlcup, the resultant product is 
10 dried over MgS04 filtered, euid concentrated in vacuo. 
- The residue is then piirif ied by silica gel 
chr o ma tography using an appropriate solvent system to 
yield the title product. 

Example 50 

15 Conpound 50. A solution of 30 mg of the 

resulting con^jound of Exantple 58 and 9 /iL of 
dimethysulfamoyl chloride in 10 mL of CH2CI2 wsis 
reacted in the same manner as described for Exas^le 14. 
After wortaip and purification by preparative reversed- 
phase C,g HPLC using a linear gradient of 35% to 100* 
CH3CN/H2O with 0.1% TFA as eluent, 6.5 mg of the title 
coir?>ound was obtained. TLC: Rf = 0.2, 3% CH3OH in 
CH2CI2. HPLC: Rt = 15.96 min; (^H)-NMR (CDCI3) 
consistent with structure. 

2^ Example c>i 

A. Compound XXI (A - tert-butoxycarbonyl, D' = 
isobutyl. A' = benzyloxycarbonyl) . To a solution of 
the resultant coir?)ound of Example 39A (2.5g, 7.43 mmol) 
in CH2CI2 (SOmL) was added triethylamine (2.1 mL, 14.9 
30 mmol) followed by addition of benzyl chlorof ormate (1.2 
mL, 8.1 mmol) . The mixture was allowed to stir at 
ambient ten?)erature for 6 h. The solution was diluted 



20 
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with 1 L of CH2CI2 and washed with water. The organics 
were dried over anhydrous MgSO^, concentrated xmder 
reduced pressure, then purified via silica gel 
chromatography. Gradient solvent system: CE2CI2 
5 followed by 3:97 methanol /CH2CI2. The title con^jound 
(2.97 g, was obtained as a colorless oil. TLC: 
Rf»0.l4, 3:97 methanol/CHjClj; (^H)-NMR (CDCI3) 
consistent with structure. 

B. Coo^oiind XXI (A a H, D' « isobutyl. A* « 
10 benzylos^carbonyl, hydrochloride salt) . To a solution 
of 1.5 g (3.187 mmol) of the resiiltant conqpoimd of 
Example 51A in ethyl acetate (25 mL) at -20'C was 
bxibbled anhydrous HCl gas for 10 min. The ice bath was 
removed and after an additional is min. the reaction 
15 xnixture wais sparged with nitrogen, then concentrated 

in vacuo to provide 1.29 g of title product as a white 
solid which was tised directly for ensuing reaction. 
•TLC: Rf = 0.14, 10% methanol/CHjClg . 



20 



C. Conqpoiand XXI (A = (S)-3- 

tetrahydrof uryloxycarbonyl , D' = iaobutyl. A' = 
benzyloxycarbonyl) . To a solution of 1.077 g of the 
resultant crude con?)ovuid of Exanqple 51B (2.647 mmol) in 
acetonitrile (10 mL) was added sequentially at ambient 
temperature under an atmosphere of nitrogen, 1.61 mL 
25 (9.263 mmol) of diisopropylethylamine and 910 mg (3.97 
mmol) of the resultant can?)ound of Exaa5>le 48A. After 
stirring for 3 h, an additional 223 mg (0.973 mmol) of 
the resultant con^jound of Example 48A was added. The 
mixture was stirred for 16 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with water, 0.5 N HCl, saturated sodium 
bicarbonate, saturated brine, dried over magnesium 
sulfate, filtered, and concentrated in vacuo. The 



30 
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residue was purified by low pressure silica gel column 
chromatography using a gradient 10% to 25* ethyl 
acetate in CH2CI2 eluent to yield 1.025 g of the title 
product as a white solid, TLC: Rf = 0.10, 10% ethyl 
5 acetate/CH2Cl2; (^H)-NMR (CDCI3) consistent with 
structure. 

D . Compound XXI (A- (S ) - 3 - tetrahydrof uryloxycarbonyl , 
D' = isobutyl, A« « H) . A solution of 872 mg (1.799 
mmol) of the resultcuit coxtpounds of Example 51C in (10 

10 mL) of ethyl alcohol was added, at ambient temperature 
imder a nitrogen atmosphere, to a slurry of 87 mg (10% 
by weight) of 10% palladium on carbon in (5 mL) ethyl 
alcohol and hydrogenated for 16 h under a slight 
positive pressxire of hydrogen. The mixture was 

15 filtered and concentrated in vacuo to yield 553.2 mg of 
the title product as a colorless glass which was used 
directly for ensuing reaction. TLC: Rf « 0.46, 10% 
methanol / CH2CI 2 . 

E. Coii5)Ound 51. To a solution of 72.7 mg, (0.207 
20 mmol) of the resultant conqpound of Example 5 ID in 

CH2CI2 (4 mL) was added aqueous sodiiam bicarbonate (1 
mL) , solid sodium bicarbonate 22.6 mg (0.27 mmol), and 
2- (pyrid-2-yl) -thiophene-5-sulfonyl chloride 64.6 mg, 
(0.249 mmol). After 14 h, the resulting mixture was 

25 diluted with ethyl acetate, wcished with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using 15 to 30% 
ethyl acetate/<2i2Cl2 eluent to provide 53 mg of the 

30 title product as a white solid. TLC; RF = 0.25, 25% 
ethyl acetate/CH2Cl2, HPLC: Rt » 15.3 min; (^H)-NMR 
(CDCI3) consistent with structure. 
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Example 52 

A. N-hydroxysuccinimidyl- (RS) -3 -hydroxyl - 
tetrahydrofuryl carbonate. The title compound was 
prepared as described in Example 48A starting with 
5 1.0 g of (RS) -3 -hydroxy- tetrahydrofureui and yielding 
2.33 g of a white solid. 



B. Conpound 52. To a solution of 105 xng of the 
resultant coa?)ound of Bxaiq}le 35A in CH2CI2 was added, 
at ambient tenperature under an atmosphere of nitrogen, 

10 112 mg of the resultant confound of Example 52A and 126 
mg N,N-diisopropylethylamine. The mixture was stirred 
for 4 h, diluted with CH2CI2' washed and saturated 
NaHCOg and saturated NaCl, then dried over MgS04, 
filtered, and concentrated in vacuo. The residue was 

15 purified by low pressure silica gel chromatography 

using 5» CH3OH in CHjClj as eluent to yield 101.4 mg of 
product. TLC: Rf = 0.52, 5* CH3OH in CHjClj. HPLC: Rt 
= 15.05 min. (^H)-NMR (CDCI3) consistent with 
structure . 



20 



25 



30 



Example tj-^ 

Conpound 53. To a solution of 72.3 mg 
(0.19 romol) of the resultant compound of Exanqple 51D in 
CHjClj (4 mL) was added aqueous sodiian bicarbonate 
(1 mL), solid sodium bicarbonate 19.2 mg (0.228 mmol) , 
and 4-acetamido-3-chlorobenzene sulfonyl chloride 
61.1 mg, (0.228 mmol). After 14 h, the resulting 
mixture was diluted with EtOAc, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel column chromatography using 20% to 
45% EtQAc/CHjClj eluent to provide 49.1 mg of the title 
product. TLC: RF = 0.29. 50% EtOAc/CH2Cl2 , HPLC: Rt - 
13.9 min; ( H) -NMR (CDCI3) consistent with structure. 
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Ccanpound 54. A solution of 2S0 mg of the 
resulting Coir?)oxind of 39A and 45 mg of 3-acetamido-4- 
fluorobenzenesulf onyl chloride in 10 mL of CH2CI2 
5 reacted in the same manner as described for Example 14. 
After workup qn ^^ purification by preparative reversed- 
phctse C^g HPLC using a lineax gradient of 35% to 100% 
CH3CN/H2Q with 0.1% TFA as eluent, 1.4 mg of the title 
confound was obtained. TLC: Rf = 0.25, 5% CH3OH in 
10 CH2CI2. HPLC: Rt « 15.63 min; {^H)-NMR (CDCI3) 
consistent with structtire. 

Con^oxind 55. 35.0 mg of the resulting 
confound of Example 54 was treated with 1 mL of 90% 

15 aqueous TFA and allowed to stand for 12 h. The mixtxire 
was concentrated in vacuo and the residue taken up in 
10 mL of dry CBjClji treated with 34 /iL of DZBA (0.23 
mmoles) and 20 mg of l-benzyl-S-tert-butyl-lH-pyrazole- 
5-carbonyl chloride. The mixture was stirred for 

20 1.5 h, then diluted with in CH2Cl2# and washed with 1 N 
HCl. After drying over MgSO^ and concentrating 
in vacuo, a portion of the mixture was purified by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA for 

25 elution to obtain 1.1 mg of the title conpoxuid. TLC: 
Rf = 0.8, 5% CH3OH in CHjClj. HPLC: Rt « 18.25 min; 
(^H)-NMR (CDCI3) consistent with structure. 

E?;anff)?.e 56 

A. S ( - ) - 1 - phenylethyl - N- hydroxysuccinimdyl carbonate . 
30 The title compound was prepared from 9.5 ^iL of S(-)-l- 
phenylethanol and 30 m of N,N-disuccinimidyl carbonate 
as described in Exaiqple 44A. The resulting material 
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10 



15 



was iised without subsequent purification; {^H)-NMR 
(CDCI3) consistent with structure. 

B. Con?)ound 56. 45.0 mg Of the resulting cortpound of 
Bxax:?)le 58 was treated with l mL of 90% aqueous TFA and 
allowed to stand for 12 h. The mixture was 
concentrated in vacuo and the residue taken up in 15 xnL 
of dry CHjClj, treated with the above inixed anhydride 
and 65 /tL of triethylamine. The mixture was stirred' 
for 14 h then diluted with ethyl acetate and washed 
with saturated sodixim bicarbonate solution and 
saturated brine, dried over magnesium sulfate, filtered 
and concentrated in_ vacuo. A portion of the mixture 
was purified by preparative reversed-phase C,g HPLC 
using a linear gradient of mixture was purified by 
preparative reversed-phase C^g HPLC using a linear 
gradient of 35% of 100% CHgOI/HjO with 0.1% TEA for 
elution to obtain l.i mg of the title con^jound. TLC: 
Rf - 0.5, 3% CH3OH in CHjClj. HPLC: Rt - 17.44 mia; 
( H)-NMR (CDCI3) consistent with structxire. 

Example ^7 

Con?)ound 57. 30 mg of the resultant con^jound 
of Exan^jle 5B was treated with 1 mL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
concentrated in vacuo and the residue taken up in 25 mL 
of dry CH2CI2, washed and saturated sodium bicarbonate 
solution, dried over magnesium sulfate, filtered and 
concentrated in vacuo, a solution of 14 mg of the 
resultant free amine in 10 mL of CHjClj was treated 
with 6 of phenoxyacetyl chloride and 12 fiL of 
30 triethylamine. The mixture was stirred under an inert 
atmosphere for 1 h, then diluted in CHjClj and washed 
with 1 N HCl. After drying over MgS04 ^ 
concentrating in vacuo. A portion of the mixture was 
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purified by prepaxative reversed -phase C^q HPLC using a 
linear gradient of 35% to 100* CHgCai/HjO with 0.1% TFA 
as eltiant to obtain 16.5 mg of the title confound. 
TLC: Rf = 0.25, 3% MeOH in CHjClg. HPLC: Rt = 
5 16.6 min; (^H) -NMR (CDCI3) consistent with structure. 

Example 58 

Conpound 56. A solution of 500 xng of the 
resulting cooipound of Rxainple 39A and 370 mg of 
benzofiirazan-4-sulfonyl chloride in 10 mL of CH2CI2 was 

10 reacted in the same manner as described for Exan^le 14. 
After worlcup, the title conpoiind was obtained by 
crystallization from hot ethanol. Further purification 
of this material by prepeurative reversed-phase C^g 
using a linear gradient of 35% to 100% CHgCaj/HjO with 

15 0.1% TFA as eluent gave 2.0 mg of the title con?Jound. 
TLC: Rf = 0:35, 3% CH3OH in CHjClj. HPLC: Rt = 17.00 
min; (^H)-MMR (CDClg) consistent with structure. 

Example 59 

A. R(+) -1-phenylethyl-N-hydroxysuccinimdyl carbonate. 
20 The title compound was" prepared from R(+)-i- 

phenylethanol as described in Exaa^jle 56A to yield a 
white solid. The resulting material was used directly 
for subsequent reaction; (^H)-NMR (CDCI3) consistent 
with structure. 



B. Compound 59. A 36 mg portion of the resultant 
conpound of Exaii5>le 58 and 0.21 /anol of the resulting 
compound of S9A were reacted in the manner described ir 
example 56B. After workup and purification by 
preparative reversed-phase C,g HPLC using a linear 
gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 
eluant. l.O mg of the title compound was obtained as a 
white solid. TLC: Rf o 0.45. 3% MeOH in CHjClj. HPLC: 
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Rt = 17.34 min; (^H)-NMR (CDCI3) consistent with 
structure. 

Compound 60. To a solution of 70 mg o'f the 
5 resultant cnxnpound of Example 51D in 10 znL of CHjClj 

was added 3 xnL of saturated aqueous sodiiun bicarbonate 
solution, 50 mg of sodium bicarbonate, ^ryA 53 . mg of 
benzofurazan-4*s\ilfonyl chloride. The mixture was 
stirred vigorously for 4 h, then the resulting mixture 

10 was diluted with CH2Cl2f washed with saturated brine, 
dried over magnesium sulfate and filtered. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CH2Cl2 as eluant to obtain 80 mg of the title 

15 coinpoxmd as a white solid. TLC: Rf = 0.80, 5* MeOH in 
CH2CI2. HPLC: Rt = 14.96 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Eacample 61 

Compound 61. To a solution of 35.5 mg (0.076 
20 mmol) of the resultant conqpound of Exanple 16 in 1 mL 
of dichloromethane was sequentially added 27.6 /xL 
(0.159 mmol) of diisopropylethyl amine and 12 fiL (0.083 
mmol) of benzyl chlorof ormate. After 1 hour, the 
mixture was concentrated in vacuo. The residue was 
25 purified by preparative thin layer chromatography with 
50* ethyl acetate/dichloromethane as an eluent to yield 
38.7 mg of the title con^otind as a white solid; TLC: 
Rf = 0.63, 50% ethyl acetate/dichlormethane; HPLC: Rt = 
15.45 min; (^H)-NMR (CDCI3) consistent with structure. 
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pyantple g2 

A. Benzofurazan- 4 -sulfonic acid. To a solution of 
252.0 mg (1.05 inmol) of o-nitroaniline-m-sulf onic acid 
sodium salt in 1 inL of water was added 0.52 mL of 2.0 M 

5 HCl. After 1/2 h, 0.68 mL (1.05 mmol) of 

tertrabutylaxnmoniuin hydroxide (40% in water) was added. 
After 2 hours, the mixture was concentrated in vacuo. 
A solution of the residue in 7 mL of acetic acid was 
treated with 488.5 mg (1.10 mmol) of lead 
10 tertraacetate . After 24 hours, the precipitate was 

filtered and washed with small amount of acetic acid. 
The solid was further dried in vacuo to yield 267.9 mg 
of product. TLC: Rf « 0.09, 10% CHgOH/CHjClj • 

B. Benzofurazan- 4 -stilfonyl chloride. To a solution 
15 of 137.0 mg (0.522 mmol) of triphenylphosphine in 

0.5 mL of dichloromethane was slowly added 47 fiL (0.594 
mmol) of sulfuric chloride at O^C. The ice-water bath 
was removed and the crude resultant co^qpo^lnd of 
Exanple 62A in 0.5 mL of dichloromethane was added 

20 slowly. After 3 hours, the mixture was treated with 
30 mL of 50% ether /hexane . The supernatant was 
decanted into a dry flask and concentrated in vacuo. 
The residue was purified by filtering through a plug of 
silica gel with 25% ethyl acetate as an eluent to yield 

25 23 mg of product. TLC: Rf « 0.6, 10% CH3OH/CH2CI2; 
(^H)-NMR (CDCI3) consistent with structure. 

C. Compound 62. To a solution of 55.7 mg (0-166 
mmol) of the resultant con5>ound of Exaii5)le 39A in 1 mL 
of dichloromethane was sequentially added 0.5 mL of 

30 saturated NaHCOg, a small amount of solid NaHCOg and 

the resultant con?3o\md of Example 62B. After 3 hours, 
the mixture was diluted with dichloromethauae. The two 
layers were separated and the aqueous layer was 
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extracted once with di clil or ome thane. The combined 
organic layer was washed with brine then dried over 
MgSO^, filtered and concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 5.3 mg of the 
5 title conpound as a white solid; TLC: Rf = 0.40, 50% 
ethyl acetate/dichloromethane; HPLC Rt » 16.5 min; 
(^H) -NMR (CDCI3) consistent with structure. 

A. A solution of 3.0 mg (0.0058 mmol) of the 

10 resultant title coii^)ound of Bxasple 62 in 2 mL ethyl 

acetate was treated with HCl gas (moderate stream) for 
3 minutes. The mixture was concentrated in vacuo to 
yield the crude amine hydrochloride salt. TLC: Rf « 
0.20, 10% CH3OH/CH2CI2. 

B. Compound 63. To a solution of the crude resultant 
conpound of Example 63A in 1 mL of di^chloromethane was 
sequentially added 2.1 uL (0.0121 mmol) of diisopropyl 
ethyl amine and 0.9 uL (0.0064 mmol) of benzyl 
chloroformate. After 1 hour, the mixture was 
concentrated in vacuo.' The residue was purified by 
preparative thin layer chromatography with 90% 
dichloromethane/methanol as an eluent to yield 2.6 mg 
of the title compound as a white solid; TLC: Rf *= 0.34, 
50% ethyl acetate/dichloromethame; HPLC, Rt = 17.1 min; 
(^H)-NMR (CDCI3) consistent with structure. 

Example 64 

A. 5- (Dime thy lamino) thioxomethoxy) -benzofurazan. To 
a solution of 500 mg (3.67 mmol) of 5- 
hydroxybezofurazan in 10 mL of DMF was added 140 mg 
30 (4.59 mmol) of NaH in small portions. The resulting 
mixture was stirred at room temperature until no more 
gas evolved. The flsisk was then immersed in a cold 
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water bath and 540 mg (4.41 xnmol) of 
dimethyl thiocaLTbamoyl chloride (from Aldrich) was 
added. After 5 minutes, the water bath was removed the 
mixture was heated to 80**C for 1 hour. After being 
5 cooled to room ten?)erature , the mixture was poured into 
20 mL of 0.5 N NaOH three times and water three times. 
The solid was dried in vacutim to yield 580 mg of 
product that was used in the next reaction without 
further purification; TLC: Rf - 0.20, 20% ethyl 
10 acetate/hexane? (^H) -NMR (CDCI3) consistent with 
structure, 

B. 5- ( (Dimethylamino) carbonyl) thio) -benzofurazan. 

The crude product, 510 mg (2.28 mmol) , from Example 64A 
was heated to 190^0 in a sealed txibe. After 5 hours, 

15 it was cooled to room temperature and ethyl acetate was 
added. The solution was filtered through a plug of a - 
silica and concentrated in vacuo to yield 360 mg of 
product which was again used in the next reaction 
without further purification. TLC: Rf ^ 0.20, 20% 

20 ethyl acetate/hexane. 

C. 5-Mercaptobenzofurazan. To a solution of 357.4 mg 
(1.60 mmol) of the resultant compound of Exanple 64B in 
2 mL of methanol was added 7 mL of 6 N NaOH. The 
mixture was heated to 90 ®C for 2 hours. The mixture 

25 was poured into 100 mL ice and acidified with 

concentrated HCl. The slurry was filtered and rinsed 
three times with water. The residue was dried in vacuo 
to yield 145.6 mg of product; TLC: Rf = 0.70, 20 ethyl 
acetate/hexane; {^H)-NMR (CHDClg) consistent with 

30 structure. 

D. Benzofurazan- 5 -sulfonyl chloride. Chlorine gas 
was bubbled through a solution of 39.9 mg (0.26 mmol) 
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of the resultant canpound of Example 64C in a mixture 
of 1 mL of ethyl acetate and 0.5 mL of water for 
3 minutes . The mixture was then washed repeatedly with 
brine xmtil no more precipitate formed- The organic 
5 layer was dried over MgSO^, filtered and concentrated 
to yield 30 mg of the product (52%). TLC: Rf » 0.22, 
20% ethyl acetate/hexane. 

E. Coix?)ound 64. A solution of the res\iltant 
caii?)ounds of Exaiaplea 52D and 39A (total yields) in a 

10 mixture of 1 mL of dichloromethane, 0.3 mL of saturated 
NaHCOg and a small amoimt of solid NaHCOg was stirred 
at room ten?)erature for 2 hours. The solution was 
diluted with 30 mL of dichloromethane and the two 
layers were separated. The aqueoxxs layer was extracted 

15 once with dichloromethane chloride. The combined 

organic layer was washed with brine, dried over MgS04 
and concentrated. The residue was purified by 
preparative thin layer chromatography with 90% 
dichloromethane/ether as an eluent to yield 30 mg of 

20 the title product as a white solid; TLC: Rf = 0.46, 10% 
EtjO/CHjClj, HPLC Rt » 17.6 min; (^H)-NMR (CDCI3) : 58.45 
(s), IH; 7.96(d), IH; 7.65 (d) , IH; 7.25(m), 5H; 
4.65(d), IH; 3.85(m), IH; 3.78(m), IH; 3.30(d), 2H; 
3.10(m), 2H; 2.90(m), 2H: 1.90(m), IH; 1.40(s), 9H; 

25 0.90 (d), 6H. 

Example 

Coii5)oinid 65. A solution of 13.1 mg 
(0.025 mmol) of the resultant compound of Exanple 64E 
in 1.5 mL of ethyl acetate was treated with gaseous HCl 
(moderate stream) at O^c for 3 minutes. The solvent 
was removed to yield a solid residue which was used in 
the next reaction without further purification; TLC: 
Rf = 0.52, 10% CH3OH/CH2CI2. A solution of this 
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hydrochloride salt (entire yield) in 1 mL of 
dichloromethahe was treated sequentially with 9.2 /zL 
(0.053 inmol) of diisopropyl ethyl amine and A.O ^Lh 
(0.028 xnmol) of benzyl chlorof orxoate. After 3 hours,- 
5 the mixture was concentrated and purified by 

prepairative thin layer chromatography with 90% 
dichloromethane/ether as an eluent to yield 11.7 mg of 
the title con5)Ound as a white solid; TLC: Rf « 0.65, 
10% Et20/CH2Cl2; HPLC Rt « 17.6 min; (^H)-NMR (CDCI3: 
10 5 8.45(s), IH; 7.96(d), IH; 7.65(d), IH; 7.25(m), lOH; 
5.00, (m), 2H; 4.85(d), IH; 3.B6(m), 2H; 3.60(bs), IH; 
3.25(m), 12H; 3.05(d), 2H; 2.96(m), IH: 2.98(m), IH; 
1.88 (m), IH; 0.90 (dd), 6H. 

Example 66 

15 Compound 66. A solution of 100 mg 

(0.46 mmol) of the resultant confound of Exainple 64D 
and 101 mg (0.286 mmol) of the resultant confound of 
Example 48A in a mixture of 2 mL of dichloromethane, 
0.5 mL of saturated NaHC03 and small amount of solid 

20 NaHC03 was stirred at room tenperature for- 2 hours. 

The solution was diluted with 50 mL of dichloromethane 
said the two layers were separated. The aqueous layer 
was extracted once with dichloromethane. The combined 
organic layer was washed with brine, dried over MgSO^ 

25 cuad concentrated. The residue was purified by 

preparative thin layer chromatography with 20% ethyl 
acetate/hexane as ain eluent to yield 82 mg of the title 
product as a slightly iir?)ure pale yellow solid. The 
material was further purified by preparative HPLC with 

30 a linear gradient solvent system of 35% to 80% of 
acetonitrile/water (0.1% TFA) over 80 min. Upon 
removal the solvents 50 mg of white solid was obtained - 
TLC: Rf « 0.46, 10% Et20/CH2Cl2; HPLC, Rt « 17.6 min; 
(^H)-NMR (CDCI3): 6 8.45 (s) , IH; 7.96 (d) , IH; 7.65 
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(d) , IH; 7.25 (m), 5H; 5.15 (m) , IH: 4.85 (d) , IH; 3.82 
(m) 4H; 3.68 (d) , IH; 3.20 (m), 2H, 3.05 (d) , 2H; 2.96 
(m) , IH; 2.88 (m) , IH; 2.14(m), IH; 1.92 (m), 2H; 
1.50(bs), IH; 0.90(dd), 6H. 

5 BXMTPle g? 

Compound 67. Following tihe procediire 
described in Exainple 40B, a solution of the res\xltant 
coopound of ExaiTtple 40A in CH2CI2 is treated with bis- 
( ( carboxamido ) - amino ) * acetic acid , 

10 diisopropylethylamine, HOBt, and EDC in a 1:1:1:1:1 

molcu: ratio, the mixtiire is stirred for 16 h at ambient 
temperature while protected from moisture^ then diluted 
with additional CBjClj and washed sequentially with 
HjO, saturated NaHC03 solution and brine, then dried 

15 over MgSO^ and concentrated in vacuo. The residue is 
purified by silica gel chromatography using eua 
appropriate elucint to yield the title product. 

PxanTplg 69 

Compound 68. This coirpound was prepared by the 
20 route descrdLbed in Example 26, except that the reacting 

amine used was the resulting con^Doxind of Exanple 39A 

(146 mg, 0.43 mmol) and the acylating agent was 4- 

fluorophenyl sulphonyl chloride (27 mg, 0.14 mmol). 

After chromatographic purification on a silica gel 
25 column using 8% CHjOH/CHjClj as eluent, 92.8 mg of the 

title compound was obtained. HPLC: Rt « 15.9 minutes. 

niC: Rf o 0.54, 8% MeOH/CHjClj; (^H) -NMR (CDCI3) 

consistent with structure. 

Example gQ 



30 



A. The resulting coii?>oiind of Example 68 (72.1 mg, 
0.167 mmol) was dissolved in 90% aqueous TFA (3.3 mL) , 
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and the reaction mixture stirred for 3 hours at room 
tenqperature, then was concentrated to dryness. TLC: Rf 
- 0.29, B% MeOH/CTjClj. 

Compound 69. To a solution of the resulting 
5 compound of Example 69A (41.7 mg, 0.09 mmol) in cai^Cl^ 
(2 mL) was added diisopropylethtylamine (47 fil, 0.27 
mmol) cuid the resxxlting compound of Example 48A (33 mg, 
0.15 mmol), and the reaction proceeded for 14 hours at 
room temperature . The reaction mixture was then 

10 concentrated, and the residue was chromatographed on a 
silica gel column using 8% TEF/CH^Cl^ was eluent, 
yielding the desired coopoimd which was further 
subjected to purification by preparative HPLC, yielding 
7.8 mg of a white solid. RPLC: Rt » 13.5 minutes. 

15 TLC: Rf = 0.36, 8* THF/CHjCl^; (^H) -NMR (CDCI3) 
consistent with structure. 

BX^?.g 7p 

Confound 70. A solution of 30 mg of the resulting 
coxnpoiind of Example 54 cind 17.6 mg of 3-acetamido-4- 

20 fluorobenzenesulfonyl chloride in 10 mL of CH^Cl^ was 

reacted in the same manner as described for Example 14. 
After workup smd purification by preparative reversed- 
phase Cj^Q HPLC using a linear gradient of 35% to 100* 
CH3CN/H2O with 0.1% TFA as eluent, 2.0 mg of the title 

25 coir?)oiuid was obtained. TLC: Rf « 0.5, 10% CH3OH in 
CHjClj. HPLC: Rt = 13.74 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Pxample 71 

Conpoimd 71. A 30 mg portion of the 
30 resultcuit compound of Exaii?)le 58 was deprotected with 

trifluoroacetic acid and the resulting con^otind reacted 
with 9 /iL of dimethysulfamoyl chloride in 10 mL of 
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CH2CI2 was reacted in the manner described in 
Exan?)le 14. After workup and purification by 
preparative reversed-phase C^g HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA as 
5 eluant, 6.5 mg of the title conqpound was obtained. 
TLC: Rf - 0.2, 3% MeOH in CH2CI2. HPLC: Rt « 
15.96 min; (^H)*NHR (CDCI3) consistent with structure. 

Coztipound 72. A solution of the resulting cosipound 
from the trifluoroacetic acid deprotection of Example 
69A (31 mg, 0.07 mmol) in CH^Clj (2 mL) was added 
diisopropylethylamine (47 /il, 0.27 mmol) and 
dimethylsulfamoyl chloride (22 fil, 0.20 xnmol) , and the 
reaction proceeded for 16 hours at room tenoperature • 
The reaction mixtiire was then concentrated, and the 
residue was chromatographed on a thick layer silica gel 
plate (1.0 mm) using 5% THF/CH^Clj as eluent, yielding 
the desired compound which was further subjected to 
purification by preparative HPLC to yield 7.8 mg of a 
white solid. HPLC: Rt » 14.8 minutes. TLC: Rf 0.44, 
5% THF/CHjClj. 

Compound 73 . A 43 mg portidn of the 
resultant compound of Exan^le 54 was treated with 1 mL 
25 of 90% aqueous TFA and allowed to stand for 12 h. The 
mixture was concentrated in vacuo and the residue taken 
up in 5 mL of CH2CI2. To this solution, 3 mL saturated 
aqueous sodium bicarbonate and 25 mg of 2,5- 
dimethoxybenzenesulf onyl chloride was added, and the 
30 mixture was stirred for 12 h, warming slowly to ambient 
tenperattire. After concentration of the mixture 
in vacuo, the residue was purified by thick layer 
silica gel chromatography using 3% MeOH/CH^Cl- as 
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eliiant followed by preparative reversed -phase C.,g HPLC 
using a linear gradient of 35% to 100% CHgCN/HjO with 
0.1% TFA as eliiant to obtain 5.5 mg of the title 
compound. TLC: Rf = 0.20, 3% MeOH/CHjClj. HPLC: Rt =. 
15.15 min; (^H) -NMR (CDClg) consistent with structure. 

gxamnlg no. 

A. Confound XXI {A = tert-butoacycarbonyl, D' = 
cyclopropylmethyl. A* - H) . To a solution of con?)ound 
XX (A - tert-butoxycarbonyl) (0.8 g, 2.67 xnmol) in 
ethanol (30 mL) was added a solution of KOH (0.18 g, 
3.2 nnnol) in ethanol (20 mL) amd the mixture stirred 
for 45 min at room temperature, in a separate flask, a 
solution of cyclopropylmethyl -amine hydrochloride (1.44 
g, 13.3 mmol) in ethanol (20 mL) was added KOH (0.75 g, 

15 13.3 mmol) . The mixture was stirred 30 min at room 

temperature.- The solutions were combined and heated at 
85 "C for 3 h. The solution was concentrated under 
reduced pressure and the residue slurried in diethyl 
ether and filtered. The ethereal layer was 

20 concentrated to give 0.32 g of a white solid; (^H) -NMR 
{CDCI3) consistent with' structure . 

B. Compound 74. To a solution of the resulting 
compound of Example 74A (O.l g, 0.30 mmol) in CH^Cl^ (20 
mL) was added a saturated solution of sodium 

25 bicarbonate, followed by addition of solid sodium 
bicarbonate (30 mg, 0.36 mmol), then 4- 
fluorobenzenesulfonyl chloride (0.07 g, 0.36 mmol) 
The mixture was allowed to stir at room ten5)erature for 
4 h. The organics were extracted into 250 mL CH^Cl^, 
dried over anhydrous MgSO^, concentrated under reduced 
pressure then purified via medium pressure liquid 
chromatography using a gradient system of CHjCl 
followed by 0.5:99.5 methanol/CHjCl, followed b^ 1:99 
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methan l/CH^Clj* The title compoiind was obtained as 35 
mg of a colorless foam, HPLC: Rt = 16.8 min. TLC: Rf 
- 0.32, 3:97 methanol /CH^Clj; (^H) -NMR (CDCI3) 
consistent with structure. 

5 PXCTP^g 75 

A. Conqpound XZI (A =» tert-butoxycarbonyl, D* » 
isopropyl. A* » H) . To a solution of Confound XX (A » 
tert-butooc/carbonyl) (1.67 mmol) in ethanol (10 mL) was 
treated with isopropylamine (10 mL) . The solution was 
10 heated to 85**C for 72 h. The solution was filtered 

then concentrated under reduced pressure to give 0.56 g 
of the title confound which was used witbout stzbseguent 
purification. (^H)-NMR (CDCI3) consistent with 
structure . 

15 B. Compoimd 75. To a solution of the resultant 

conqpound of Exanqple 75A (0.2 g, 0.65 mmol) in CH2CI2 
(10 mL) was added a saturated solution of sodium 
biccirbonate (3 mL) , followed by addition of solid 
sodium bicarbonate (0.11 g, 1.31 mmol), then p- 

20 fluorobenzenesiafonyl chloride (0.25 g, 1.28 mmol). 
The mixture was stirred overnight at ambient 
temperature. The organics were extracted into 100 mL 
CH2Cl2# dried over anhydrous MgSO^, concentrated under 
reduced pressure then purified via medium pressure 

25 silica gel chromatography using a gradient system of 
CH2CI2 followed by 1:99 methanol /CH2CI2. The title 
conqpound was obtained as a colorless foam 200 mg. TLC: 
Rf = 0.22, 3:97 methanol/CH2Cl2, HPLC: Rt « 16.48 min; 
(^H)-NMR (CDCI3) consistent with structure. 
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A. Conpound XXI (A = tert-butoxycarbonyl, D» «= 
morpholinyl , A* « H) . To a solution o£ can^ound XX (A 
« Boc) in ethanol is added 3 molar equivalents of N- 
5 amino morpholine. The mixture is heated under re£lux 
for 12 h, cooled, and the mixture concentrated in 
vacuo. The residue is purified by preparative 
reversed-phase chromatography \ising a linear gradient 
of 5% to 100* acetonitrile/H20 as eluant to yield the 
10 title confound. 

'B. Compoxmd 76. Following the procedure described in 
Exaiqple 81 f a solution of the resiiltant cosqpo\ind of 
Exanqple 76A in CH2CI2 is reacted with 4- 
fluorobenzenesulfonyl chloride in the presence of water 

15 and NaHC03. Following dilution with additionsa CH2CI2 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is. then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 

20 product. 

A. Con?)ound XXI (A « tert-butoxycarbonyl, D* = 4- 
(N,N-dimethylamino) -benzyl. A' = H) . To a solution of 
coinpound XX (A = Boc) in ethanol is added 3 molar 
equivalents of 4 - aminomethyl - (N,N- dimethyl) -aniline. 
The mixture is heated under reflux for 12 h, cooled, 
and the mixture concentrated in vacuo. The residue is 
purified by silica gel chromatography using an 
appropriate solvent system as eluant to yield the title 
product. 

B. Coii?)ound 77. Following the procedure described in 
Example 81, a solution of the resultant compound of 
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Exaii?)le 77A in CHjClj is reacted with 4- 
f luorobenzenesulf onyl chloride in the presence of water 
and NaHCOg. Following dilution with additional CH2CI2 
and aqueous worlaip, the resultant product is dried over 
5 MgS04, filtered, and concentrated in vacuo. The 

residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
. product. 

Example 78 

10 A. Compoxuxd XXI (A o tert-butoxycarbonyl, D» = 

cyclopentyl, A< « H) . To a solution of cair?)ound XX (A 
» Boc) in ethanol is added 10 molar equivalents of 
cyclopentylamine. The mixture is heated xmder reflux 
12 h, cooled, and the mixture concentrated in 

15 vacuo. The residue is used without subsequent 
purification: 

B. Compound 78. Following the procedure described in 
Example 81, a solution of the resultant compound of 
Exanqple 78A in CH2CI2 is reacted with 4- 

20 f luorobenzenesulf onyl chloride in the presence of water 
and NaHCOg. Following dilution with additional CH2CI2 
and aqueous worloap, the resultant product is dried over 
MgS04, filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 

25 using an appropriate solvent system to yield the title 
product. 

Example 7Q 

A. Coii5)ound XXI (A « tert-butoxycarbonyl, D* = 2-{4- 
pyridyl) ethyl, A' « H) . To a solution of compound XX 
30 (A - Boc) in ethanol is added 3 molar equivalents of 4- 
aminoethylpyridine. The mixture is heated under reflux 
for 12 h, cooled, and the mixture concentrated in 
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vacuo. The residue is pxirified by preparative 
reversed-phase chromatography using a linear gradient 
of 5% to 100% acetonitrile/HjO as eluant to yield the 
title product. 

B. Compounri 79. Following the procedure described in 
E xamp le 81, a solution of the resiiltant conpound of 
Example 79A in CH2CI2 is reacted with 4* 
fluorobenzenesulfonyl chloride in the presence of water 
and NaHC03. following dilution with additional CH2CI2 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
product . 

15 Example 80 

A. 4-Cyanotetrahydro-4H-pyran. Following essentially 
the procedure of Yoneda, R. "Cyanophosphate: An 
Efficient intermediate for Conversion of Carbonyl 
compounds to Nitriles," Tetrahedron l^^r^r . ^ 30, 3681 
(1989), a solution of tetrahydro-4H-pyran-one (9.9 g, 
97.8 mmol) in dry THF (50 mL) is reacted with lithium 
cyanide (9.7 g, 294 mmol) and diethylcyanophosphonate 
(24 g, 146 mmol) . The mixture is stirred for 24 h at 
ambient tenperature . The reaction is quenched by the 
25 addition of 100 mL HjO. The product is extracted into 
1.5 L of diethyl ether, dried over anhydrous MgSO^ then 
concentrated under reduced pressure. The residue is 
dissolved in dry THF (30 mL) and tert-butyl alcohol 
(7. 25 g, 97.8 mmol). This solution is added slowly to 
30 75 mL of a 1 M solution of Smij. The mixture is 

stirred for 15 h at ambient ten?)erature. The reaction 
is quenched by addition of 100 mL of saturated aqueous 
NH^Cl. The resulting mixture is extracted with diethyl 



20 



wo 94/05639 



PCr/US93/08458 



- 161 - 

ether and the organic layers dried over anhydrous MgSO^ 
and concentrated \mder reduced pressure. Purification 
by silica gel chromatography gives the title compoxind. 

B. 4- (aminomethyl) tetrcQiydro-4H-pyran 

5 To a solution of the confound of the Exaniple BOA (10 g, 
89.9 znmol) in absolute ethanol (200mL) is added Raney 
Nickel (2.0 g, 50% slurry in water) . The mixture is 
stirred for 24 hours at ambient ten^erature under 40 
psig of hydrogen. The solution is filtered through 
10 celite cind the solution concentrated under reduced 

pressure. The residue is taken up in ether (2L) washed 
with brine, dried in anh. MgSO^, then concentrated 
under reduced pressure to give the title commpoimd. 



C. {1S,2R) -N- (l-Benzyl-3- (N- (4- 

15 ( amin omethyl) tetrahydro-4H-pyran) ) -2-hydro3cypropyl) - 
tert butoxycarbonylamine . 

To a solution of the conqpound of Example 8 OB (5g, 48.5 
mmol) in absolute ethanol (20mL) is added the coii5)ound 
XX (A«Boc) (2.55 g, 9.7 mmol). The mixture is stirred 
20 for 24 hours at ambient temperature. The solution is 
concentrated xinder reduced pressure and the crude 
product is puffed via column chromatography to give the 
title con^^ound. 

D. Coit?)ound XXII (A^Boc, D' « (4- tetrahydro-4H- 
25 pyranyl) methyl, A'«H). To a solution of conpound XX 

(AeBoc) in ethanol is added 3 molar equivalents of the 
resulting compound of Example 80C. The mixture is 
heated under reflux for 12 h, cooled, and the inixture 
concentrated in vacuo. The residue is purified by 
30 preparative reversed -phase chromotography using a 
linear gradient of 5% to 100% acetonitrile/H^O as 
eluant to yield the title compound. 
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To a solution of conpoiind XX(A»Boc) in 
ethanol is added 3 molar equivalents of N- amino 
morpholine. The mixture is heated under reflux for 12 
h, cooled, and the mixture concentrated in vacuo. The 
5 residue is purified by preparative reversed -phase 

chromatography using a linear gradient of 5% to 100% 
acetonitrile/H^O as eliiant to yield the title confound. 

E. CODcpound 80. Following the procedure 

described in Example 81, a solution of the resultant 

10 cozzpoxind of Example 80D in CH^Cl^ is reacted with 4- 

fluorobenzenesulfonyl chloride in the presence of water 
and NaHC03. Following dilution with additional CHjClj 
and aqueous workup, the resultant product is dried over 
^SSO^, filtered, cOid concentrated in vacuo. The 

15 residue is then pixrif ied by silica gel chromatography 
to yield the title product. 

A. Con^jound XXII (A = tert-butoxycarbonyl, D' = 
isobutyl, E « 3,4-dichlorophenyl) . A solution of 316 

20 mg of the resultant compound of Exan^jle 39A in 4:1 
CH2Cl2/saturated aqueous NaHCOj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 276 mg of 3,4- 
dichorobenzenesulfonyl chloride and 95 mg of sodium 

25 bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Clj as eluent 

30 to yield 490 mg of product, TLC: Rf « 0.26, Sh diethyl 
ether in CHjClj. HPLC: Rt « 18.92 min. (^H) -NMR 
(C3DCI3) consistent with structure. 
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B. Compound XXII (A = H, D» = isobutyl, E = 3,4- 
dichlorophenyl, hydrochloride salt) . A solution of 467 
mg of the resultant ccn^jound of Example 81A in ethyl 
acetate was treated at -20«C with HCl gas. The HCl was 
5 bubbled through the mixture for 20 tn-ip over which time 
the temperature was allowed to warm to 20«C. Nitrogen 
was then bubbled through the mixture for 15 m-ir. and 
solvent removed in vacuo to yield 412 mg of product as 
a white solid which was tised without subsequent 
10 purification- " 



C. Conqpound 81. A solution of 91 mg of the resultant 
con?)ound of Exanple BIB in CHjClj was treated 
sequentially, at ambient ten?)erature under an 
atmosphere of nitrogen, with 25 mg of allyl 
15 chloroformate and 52 mg N,N-diisopropylethylamine. The 
mixture vslb stirred for 4 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 
yield 89 mg of the title product as a white solid. 
TLC: Rf - 0.53, 5* diethyl ether in CHjCl^. HPLC: Rt = 
17.95 min. (^H)-NMR (CDCI3) consistent with structure. 

Examnlg fl:? 

A. (3 -Pyridyl) -methyl -4- nitrophenyl -carbonate. To a 



20 



25 



30 



solution of 3.65 g of bis- (nitrophenyl) carbonate in 
25 mL of CH2CI2 at 0«C was added sequentially 0.97 mL 
_of 3-pyridyl carbinol and 1.3 mL of 4.methyl morphine. 
After stirring at room temperature for 24 hours, the 
resultant mixture was diluted with 100 mL of CHjClj, 
.washed with saturated sodium bicarbonate, water and 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
filtration through a plug of silica gel, using 0-40% 
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EtOAc/C3l2Cl2 as eluent to provide 1.68 g of the title 
product. TLC: Rf = 0.19, 50% EtOAc/hexane. 

B. Compoxind XXII (A « tert-butoxycarbonyl, D' = 
isobutyl, E «= 3,4-ben2ofiirazan) . To a solution of 

5 498.6 mg of the resultant con^jound of Exaxiple 39A in 
10 mL of CH2CI2 was added sequentially, 2 mL of 
saturated sodium bicarbonate, a small amount of solid 
sodium bicarbonate and 518.4 mg of the resultant 
conpound of Exan5)le 64D. After stirring at room 

10 tenqperature for 3 hours, the resultant mixture, was 
diluted with 60 mL of CH2CI2, washed with saturated 
sodium bicarbonate and brine, dried over magnesium 
sxilfate, filtered cuid concentrated in vacuo. The 
residue was purified by silica gel chromatography using 

15 5* diethyl ether/hexane as eluent to yield 300 mg of 
white solid. TLC: Rf =,0.80, 50% EtOAc/hexane . 

C. Compound XXII (A « H, D« » isobutyl; E « 3,4- 
benzofurazan, hydrochloride salt.), A solution of 
60.3 mg of the resultant compound of Exanple 82B in 

20 3 mL of EtOAc at -20«»C-was treated with anhydrous HCl 
gas for 5 min. The ice bath was removed and after an 
additional 10 min. The reaction mixture was sparged 
with nitrogen then concentrated in vacuxom and the 
resulting white solid used without subsequent 

25 purification for subsequent reaction. 

D. Conpound 82. To a solution of the resultant 
compound of Example 82C (entire yield) in 2 mL of 
CH2CI2 was added sequentially, 45 /iL of 
diisopropylethylamine and 35.1 mg of the resultant 

30 compound of Example 82A. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
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using 60% ether/CH2Cl2 as eluent followed by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 40% to 100% CHgCN/HjO with 0.1% TFA as 
eluant. The resultant TFA salt of the title confound 
5 was washed with saturated sodium bicarbonate to yield 
6.5 mg of the title conqpound. TLC: Rf » 0.15, 20% 
EtOAc/CHjClj. HPLC: Rt « 13.52 min. (^H)-NMR (CDClg) 
consistent with structure. 

10 A, Conqpound XXII (A « tert-butoxycaronyl, D' « 

isobutyl, E » 4 - acetamido- 3 - chl orophenyl ) . A solution 
of 339 mg of the resultant ccompoiind of Example 39A in 
4:1 CH^Cl^ /saturated aqueous NaHC03 was treated 
sequentially, at ambient tenperature under an 

15 atmosphere of nitrogen, with 324 mg of 4-acetamido-3* 
chlorobenzenesulf onyl chloride and 102 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, cuid concentrated in vacuo. The 

20 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether in CH^Clj as 
eluent to yield 498 mg of product. TLC: Rf = 0.27 (20% 
diethyl ether in CH^Clj) . HPLC: Rt = 16.20 min. 
(^H)-NMR (CDCI3) consistent with structure. 

25 B. Conqpound XXII (A « H, D» « isobutyl, E « 4- 
acetamido-3-chlorophenyl, hydrochloride salt). A 
solution of 474 mg of the resultant conqpound of Exan?>le 
83A in ethyl acetate was treated at -20«C with HCl gais. 
The HCl was bubbled through the mixture for 20 min over 

30 which time the ten?)erature was allowed to warm to 20*'C. 
Nitrogen was then bubbled through the mixture for 15 
min and the solvent was removed in vacuo to yield 421 



wo 94/05639 



PCr/US93/08458 



- 166 - 

mg of product as a white solid which was used without 
subsequent purification. 

C. Conqpound 83 . A solution of 92 mg of the resultant 
confound of Exasple 83B in CIL^Cl^ was treated 
5 sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 24 mg of allyl 
chloroformate and 52 mg N,N-diisopropylethylamine. The 
mixture was stirred for 4 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 

10 and washed with 0.5 N HCl and saturated NaCl, then 

dried over MgSO^, filtered, and concentrated in vacuo 
to yield 106 mg of the title product as a white solid. 
TLC: Rf « 0.38 (20* diethyl ether in CH^Clj) . HPLC: Rt 
= 15.28 min. -NMR (CDCI3) consistent with 

15 structure. 

Example 84 

Conqpoxmd XXII (A = tert-butoxycarbonyl, D' = 
isobutyl, E « 3 , 4-dichlorophenyl) . To a solution of 
the resultant confound of Exanple 51D (220 mg, 0.61 

20 mmol) in CH2CI2 (10 mL) was added the 3,4- 

dichlorobenzenesulfonyl chloride (300 mg, 1.22 mmol) 
followed by the addition of a saturated solution of 
sodium bicarbonate (3 mL) followed by addition of O.lg 
of solid sodium bicarbonate. The mixture was stirred 

25 at ambient temperature overnight. The solution was 
diluted with 100 mL C3J2C12, the organics separated, 
dried over anhydrous, MgS04, sind the organics 
concentrated imder reduced pressure to obtain 0.17 g of 
crude product. The crude product was purified via 

30 medium pressure liquid chromatography using CH2CI2 

followed by 0.5:99.5 methanol/CH2Cl2 followed by a 1:99 
methanol /CH2CI2 solution as the solvent system to give 
103 mg of the title compound as a white solid. TLC: 
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Rf « O.se (3:97 methanol /CH2CI2 ) . HPLC: Rt = 19.78 min, 
(^H)*NMR (CDCI2) czonaisrent \r±th structure. 

Example 85 

A . { 3 - Te t raihydrof iiryl ) - methyl - 4 - ni t ropheny 1 - 
5 carbonate. To a solution of 1.21 g of p-nitrophenyl 
chloroformate in 20 mL of CH2CI2 O^C vas added 
sequentially, 0.51 g of tetrahydro-3-fiiranmethanol and 
0.66 mL of 4 -methyl morpholine. After stirring at r<3om 
temperature for 2 hours. The mixture was stirred for 
10 2 hours and concentrated in vacuo. The residue was 
purified by filtering through a plug of silica gel, 
using 0-50% EtOAc/CHjClj as eluent to provide 1.17 g of 
the title product as a paJLe yellow solid. TLC: Rf = 
0.20, 50% EtOAc/hexane. 

15 B. Coinpound 85. To a:-solution of 70 mg of the 

resultant compound of Exaitple 81B in 1 mL of THF was 
added sequentially, 56 /iL of diisopropylethylamine aTiri 
a solution of 46.6 mg of the resultant coii5)ound of 
Example 85A in 1 mL of THF. The mixture was stirred 

20 for 24 hours and then concentrated in vacuo. The 

residue was diluted with 60 mL of CH2CI2, washed with 
5% sodium bicarbonate and brdLne, dried over magnesitim 
sulfate, filtered and concentrated in vacuo to yield 
120 mg of crude product. The residue was purified by 

25 preparative thin layer chromatography using 20% 

EtOAc/CH2Cl2 as eluent to yield 82 mg of the title 
compound. TLC: Rf = 0.4, 20% EtOAc/CH2Cl2. HPLC: Rt = 
17.08 min. (^H)-NMR (ODClg) consistent with structure. 

Example fi^ 

30 Compound 86. A solution of 42 mg of the resultant 

confound of Exanple 4 OA in CHjClj was treated 
sequentially, at ambient temperature under an 
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atmosphere of nitrogen, with 41 mg of the product of 
Exasnple 52A and 46 mg N,N-diisopropyl thylamine. The 
mixttire was stirred 14 h, diluted with CE^Cljf washed 
with saturated NaHC03 and saturated NaCl, then dried 
5 over MgSO^, filtered, axxd concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 43 mg of product. TLC: Rf « 0.44 (20% ethyl 
acetate). HPLC: Rt - 13.14 min. (hi) -NMR (CDCI3) 
10 consistent with structure. 

ftgmpJre 87 

A. Conqpoxind XXII (A » H, D' « isobutyl, E e 4- 
acetamido, 3-fluoro) . A solution of 25 mg of the 
resultant compound of Example 54 in EtOAc (10 mL) at 

15 0*C was treated with anhydrous hydrogen chloride gas 
for 10 min. , and allowed to stand for 12 h while 
warming to ambient tenqperature. The resxiltant mixture 
was then concentrated in vacuo to yield conpound as a 
white solid which was used without subsequent 

20 purification for ensuing reaction. 

B. Compound 87, A 0.045 mmol portion of the 
resultant compound of Example 87A weis taken up in 5 mL 
of CH2CI2. To this solution, 40 of 
diisopropylethylamine and 6 fih of allyl chlorof ormate 

25 -were added at O^'C cmd the mixture was stirred for 12 h, 
while warming slowly to ambient temperature. The 
resulting mixture was diluted with CH2CI2, washed with 
saturated brine, dried over magnesium sulfate and 
filtered. After concentrated in vacuo, the residue was 

30 purified by preparative reversed-phase C^q HPLC using a 
linear gradient of 35* to 100% CHgCN/HjO with 0,1* TFA 
as eluant to obtain 11.6 mg of the title compound. 
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TLC: Rf « 0,20, 5% MeOH/CH2Cl2. HPLC: Rt = 14.6 min; 
(^H)-NMR (CDCI3) consistent with structure. 

Cosipound 88. A 0.033 nmol portion o£ the 
5 resultant caxnpound of Bxancple 87A wats taken up in 5 mL 
of CH2CI2* To this solution, 26 fih of triethylamine 
and 12 xng of the resultant conpound of Bxanple 48A were 
auided and st^irred for 12 h. The resulting mixture was 
diluted with CH2Cl2» washed with saturated sodiiim 

10 bicarbonate solution and saturated brine, dried over 

magnesixmi sulfate and filtered. After concentration of 
the mixture in vacuo, the residue was purified by thick 
layer silica gel chromatography using 5% MeOH/CH2Cl2 
elucuit followed by preparative reveraed-phase C^g HPLC 

15 using a linear gradient of 35* to 100* CHgCN/HjO with 
0.1* TFA as eluant to obtain 7.5 mg of the title 
compound. TLC: Rf - 0.30, 5* MeOH/CH2Cl2* HPLC: Rt = 
13.38 min? (^H)-NMR (CDCI3) consistent with structure. 

20 Conqpound 89. A solution of 28 mg of the resultant 

compoxiad of Exan^le 8 IB in CH2CI2 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of n- propyl 
chlorofortnate and 17 mg N,N-diisopropylethylamine. The 

25 mixture was stirred for 3 h and then concentrated 

in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^j, filtered, and concentrated in vacuo to 
yield 31 mg of the title product as a white solid. 

30 TLC: Rf = 0.35 (5* diethyl ether in CHjClj) . HPLC: Rt « 
18.12 min, (^H) -NMR (CDCl*) consistent with structure. 
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Cospoiuid 90. A solution of 28 xng o£ the resultant 
conipoxmd of Exanqple 83B in CH^Cl^ was treated 
sequentially, at ambient tenperature tmder an 
5 atmosphere of nitrogen, with 7 mg of n- propyl 

chloroformate and IS mg N,N-diisopropylethylamine, The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and satxirated NaCl then dried 
10 over MgSO^, filtered, said concentrated in vacuo to 
yield 30 mg of the title product as a white solid, 
TLC: Rf - 0.47 (20% diethyl ether in CHjCl^) . HPLC: Rt 
» 15.41 min. (^H) -NMR" (CDCI3) consistent with 
structure. 

15 B3camDle 91 

A. 3 - Acetamidobenzene sulfonic acid. A solution of 
1.48 g of 3 - aminobenzene sulfonic acid in 1:1 
tetrahydrofuran/water was treated at 0«C with 1.43 g of 
sodiim bicarbonate. After 5 min, 1.30 g of acetic 

20 anhydride was added dropwise and the reaction allowed 
to warm to ambient temperature imder an atmosphere of 
nitrogen over 14 h. The reaction mixture was passed 
through a column of Amberlyst IS ion exchange resin, 
eluted with water, and concentrated in vacuo to yield 

25 an oil which upon treatment with benzene and azeotropic 
removal of water in vacuo yielded 1.8 g of the title 
product as a white crystalline solid. (^H) -NMR (CDCI3) 
consistent with structure. 

B. 3 -Acetamidobenzene sulfonic acid, sodium salt. 
30 The resultant compound of Exanple 91A in water was 

treated at 0«C with 8.5 mL of 1 N sodixim hydroxide. 
The mixture was stirred for 3 h and concentrated 
in vacuo to yield an oil which upon treatment with . 
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benzene and azeotropic remcTval of water in vacuo 
yielded the title product as a tan solid which was used 
directly in the next reaction. 

C. 3-Acetamidobenzenesulfonyl chloride. The 

5 resultant cospound of Exas^le 9 IB in CH^Cl^ was treated 
at O^C with 4.5 g of phosphorous pentachl oride under an 
atmosphere of nitrogen. The mixture was stirred 14 h, 
extracted with CH^CL^, and concentrated in vacuo to 
yield 1.7 g of the title product as a brown oil. TLC: 
10 Rf « 0.21 (1:1 toluene/diethyl ether). (^H) -NMR (CDCI3) 
consistent with structure. 

D. ' Con?)ound XXII (A « tert-butoxycarbonyl, D' » 
isobutyl, E « 3-acetaxnidophenyl) . A solution of 280 mg 
of the resultant compound of Example 39A in '4 : 1 
CH2Cl2/satiirated aqueous NaiHC03 was treated 
sequentially, at ambient temperature under an 
atmosphere, of nitrogen, with 252 mg of the resultant 
coxt^ound of Exaziqple 91C and 105 mg of sodium 
bicaxbonate. The mixture was stirred for 60 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered and concentrated in vacuo. The residue 
was purifed by low pressure silica gel chromatography 
using 20% diethyl ether in CHjCl^ as eluent to yield 156 
mg of the title product. TLC: Rf « 0.14 (20* diethyl 
ether in CH^CljWas) . HPLC: Rt = 15.39 min. (^H) -NMR 
(CDCI3) consistent with structure. 

E. Con5)oxind XXII (A = H, D' « isobutyl, E « 3- 
acetamidophenyl, hydrochloride salt)."" a solution of 
123 mg of the resultant compound of Exanple 9 ID in 

30 ethyl acetate was treated at -20*»C with HCl gas. The 
HCl was bubbled through the mixture for 20 min, over 
which time the temperature was allowed to warm to 20*'C. 
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Nitrogen was then biibbled through the mixture for IS 
m-in and solvent removed in vacuo to yield 118 mg of the 
title product as a white solid which was used directly 
in subsequent reactions. 

5 P. Coiqpound 91. A solution of 49 mg of the resultant 
cosopoimd of Exaxt^le 9 IE in CH^Cl^ was added, at ambient 
temperature tmder an atmosphere of nitrogen, to a 
solution of 48 mg of the resultant conqpotind of Example' 
48A and 54 mg N , N- diisopropylethylamine in CH^Cl^- The 

10 mixt\ire was stirred for 14 h, diluted with CH^Cl^f 

washed with saturated NaHC03 and saturated NaCl, then 
dried over MgSO^, filtered and concentrated in vacuo. 
The residue was subjected to preparative thin layer 
silica gel chromatography using Sk CH3OH in CH^Cl^ to 

15 yield 42 mg of product. TLC: Rf = 0.32 (5% CH3OH in 
CHjClj) . HPLC: Rt « 13.27 min. (^) -NMR (CDCI3) 
consistent with structure. 

Example 92 

Compound 92. To a solution of 63.5 mg of the 
20 resultant cotcqpoiind of Exanple 17B, diastereomer B in 
1 mL of THF was added seG[uentially, 52 /xL of 
diisopropylethylamine and a solution of 43.3 mg of the 
resultant conqpound of Example 85A in 1 mL of THF, The 
mixture was stirred for 24 hours and then concentrated 
25 in vacuo. The residue was diluted with 60 mL of 

CH2Cl2# washed with 5% sodium bicarbonate and brine, 
dried over magnesiiim sulfate, filtered and concentrated 
in vacuo to yield 70.7 mg of crude product. The 
residue was purified by preparative reversed-phase C^g 
30 HPLC using a linear gradient of 30% to 100% CH3CN/H2O 
with 0.1% TEA as eluauat to obtain 43.9 mg of the title 
conrpound. TLC: Rf = 0.29, 100% EtOAc. HPLC: Rt = 
13.24 min; (^H) NMR (CDCI3) consistent with structure- 
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A. N-hydroxysuccinimidyl- (R) -3-hydroxytetrahydrofvLryl 
carbonate. The title ccanpoimd was prepared as 
described in Example 48A starting witli 81 mg of (R)-3- 

5 hydroxytetrabydrofxiran to yield 56 mg of the title 

product as a white solid, (hi) -NMR (CDCI3) consistent 
with structure. 

B. Coo^otmd 93. To a solution of 43 mg of the 
resultcuit confound of Example 35A in CH^Cl^ was added, 
at ambient temperature imder cm atmosphere of nitrogen, 
27 mg of the resiiltaxit compound of Example 93A anri 39 
mg N,N-diisopropylethylamine. The mixtiire was stirred 
for 14 h, diluted with CH^Clj, washed with saturated 
NaHCOj and saturated NaCl, then dried over MgSO^, 
filtered, and concentrated dLn vacuo. The residue was 
purified by prepsurative thin layer silica gel 
chromatography xising 2% CH3OH in CELjCl^ as eluent to 
yield 45 mg of the title product as a white solid. 
TLC: Rf « 0.52 (5% CH3OH CHjClj) . HPLC: Rt » 14.94 min. 
(^H)-NMR {CDCI3) consistent with structure. 

B3fgiittple 94 

Ccmpoxind 94. A solution of 47 mg of the resultant 
compound of Exait?)le 40A in CH^Clj was treated 
sequentially, at ambient teii5)erature under an 
25 atmosphere of nitrogen, with 28 mg of the product of 
Example 93A and 39 mg N,N-diisopropylethylamine. The 
mixture was stirred for 14 h, diluted with CHjCl^, 
washed with saturated NaHCOg and saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 
30 The residue was pxirified by preparative thin layer 

silica gel chromatography using 5% methanol in CHjClj as 
eluent to yield 40 mg of the title product as a white 
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solid. TLC: Rf = 0.38 (ethyl acetate). HPLC: Rt = 
13.09 min. (^H) -NMR (CDCI3) consistent vith structure. 

Cozipound 95. To a solution of 72.0 mg (0.189 
5 nmol) o£ the resultant confound of Exaznple 51D in 
CH2CI2 (4 inL) was added aqueous sodium bicarbonate 
(1 mL) , solid sodium bicarbonate 19.1 mg (0.227 mmol) , 
and 2 » 3 -dichlorothiophenesulf onyl chloride 57*1 mg, 
(0.227 mmol) . After 14 h, the resulting mixtiire was 

10 diluted with BtQAc» washed with saturated brine, dried 
over magnesium sulfate, filtered and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel coltunn chromatography tising 5 to 12% 
EtOAc/CH2Cl2 eluent to provide 49.1 mg of the title 

IS product. TLC: Rf » 0.62 25% BtOAc/CH2Cl2, HPLC: Rt - 
17.3 min; (^H) -NMR (CDCI3) consistent with structure. 

A. (4 - Acetamido ) - phenylmethyl - 4 - ni t ropheny 1 - 
carbonate. To a solution of 242.8 mg of p-nitrophenyl 

20 chlorof ornate in 5 mL of acetonitrile at 0**C was added 
sequentially, 165.2 mg of 4-acetamidobenzyl alcohol and 
0.13 mL of 4 -methyl morpholine. The mixture was 
stirred for 24 hours and concentrated in vacuo. The 
residue was taken up in CH2CI2 and washed with 5% 

25 sodium bicairbonate and brine, dried over magnesium 

sulfate, filtered and concentrated in vacuo to yield 
320 mg of the title con^o\ind. TLC: Rf « 0.23, 50% 
EtOAc/hexane. 

B. Compound 96. To solution of the resultant 
30 con?)ound of Exaii?)le 40A in 1 mL of THF was added 

sequentially, 56 fiL of diisopropylethylamine and 63 mg 
of the resultant con?)ound of Example 96A. The mixture 
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wM Stirred for 24 hoiirs and then concentrated 
in vacuo. The residue was purified by preparative thin 
layer chromatography using 10% niethanol/CH2Cl2 as 
eluent followed by preparative reversed- phase C^g HPLC 
5 using a linear gradient of 30% to 100% CH3CN/H2O with 
0.1% TPA eis eluant to yield 50.2 mg of the title 
compound. TLC: Rf - 0.43, 10% methanol/C^Clj. HPLC: 
Rt - 13.54 min. (^H)-NHR (CDCI3) consistent with 
struettire.. 

10 Bxample 97 

Conqoound 97. To solution of 60 mg of the 
resultant compound of Example 35A in 1 mL of THF was 
added sequentially, 54 /iL of dilsopropylethylamine and 
a solution of 48.9 of the resultant con^jound of 

15 Exaanple 85A in 1 mL THF. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was diluted with 60 mL of. CEjClj, washed with 5% sodium 
bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo. The residue was 

20 purified by preparative thin layer chromatography using 
20% BtOAc/CHjClj as eluent to yield 46.9 mg of the 
title con^jound. TLC: Rf » 0.31, 20% EtOAc/CH2Cl2 . 
HPLC: Rt - 15.18 min. (^H) -NMR (CDCI3) consistent with 
structure . 

Compound 98. To a solution of 61.0 mg of the 
resultant compound of Bxample 35A in l mL of THF wets 
added sequentially, 49 /iL of dilsopropylethylamine and 
a solution of 44 mg of the resultant con?)ound of 
30 Exair?>le 82A in 1 mL TOP. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
using 5% methanol /CHjClj as eluent to yield 61.0 mg of 
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a white solid. TLC: Rf = 0.19, 5 methanol/C^Clj. 
HPLC: Rt = 13.28 min; 13.28 min. (^H)-NMR {CDCI3) 
consistent with structure. 

g^gamnle 99 

5 Coa?)Oxmd 99. A solution of 75 mg of the 

resultant conqpound of Example 51D and 45 mg of 4- 
chlorobenzenesulfonyl chloride were reacted in the 
manner described in Example 60. After workup and 
purification by preparative reversed- phase C^g 
10 using a linear gradient of 35% to 100% CHaOI/HjO with 
0.1% TPA as eluant, 24.6 mg of the title can5>ound was 
obtained. TLC: Rf » 0.3, 4% MeOH/CH2Cl2. HPLC: Rt « 
15.87 min? (^H)-NMR (CDCI3) consistent with stanicture. 

g^camole 100 

X5 Confound 100. A solution of 40 mg of the 

resultant compound of Bxas^le 51D and .45 mg of 4- 
methoxybenzenesTilfonyl chloride were reacted in the 
manner described in Example 60. After workup and 
purification by prepaorative reversed-phase C^^ HPLC 
20 using a linear gradient of 35% to 100% CHgCN/HjO with 
0.1% TFA as eluant, 21.4 mg of the title con5)Ound was 
obtained as a white solid. TLC: Rf = 0.2, 4% 
MeOH/CHjClj- HPLC: Rt « 14.85 min; (^H).-NMR (CDCI3) 
consistent with structure. 

25 PxaiTTPJ.? 

Compound 101. This coir5)o\ind was prepared 
from the resultant can?)ound of Exaii5>le 128 by treatment 
with hydrogen chloride gas and subsequent reaction with 
the resultant conqpound of Exan?)le 48A in the mann er 
30 described in Example 132. After workup and 

purification by preparative reversed-phase C^g HPLC 
using a linear gradient of 35% to 100% CH3CN/H2O with 
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0.1% TFA as elxiant: on a portion of the crude mixture, 
4.2 mg of the title conqpound was obtained as a white 
solid. TLC: Rf = 0.2, 4% MeOH/CH2Cl2. HPLC: Rt « 
11.53 min; (^H) -NMR (CDCI3) consistent with structure. 

5 Pxaniple 10? 

Compound 102. A solution of 36 mg of the 
resultant compound of Example 40A in CH2CI2 was treated, 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of methyl 

10 chloroformate and 22 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
'and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 

15 residue was ptirif ied by low pressure silica gel 

chroma tography using 30% diethyl ether in CHjjClj as 
eluent to provide 27 mg of the title product eis a. white 
solid. TLC: Rf » 0.10 (30% diethyl ether in CH^Clj) . 
HPLC: Rt « 13.49 min. (^H) -NMR {CDCI3) consistent with 

20 structure. 

B?camplg ^p? 

Compound 103. A solution of 29 mg of the 
resultant campaxmti of Example 8 IB in CH^Cl^ was treated 
sequentially, at ambient ten^erature under an 

25 atmosphere of nitrogen, with 6 mg of methyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was tcJcen up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

30 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Cl^ as eluent 
to provide 29 mg of the title product as a white solid. 
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TLC: Rf « 0.24 (5% diethyl ether in CH^Clj) . HPLC: Rt = 
17.07 min. (^H)-NMR (CDCI3) consistent with structure. 

Compound 104. A solution of 31 mg of the 
5 resultant con^otind of Example 35A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of methyl 
chloroformate and 21 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
10 in vacuo. The residue was taken up in ethyl acetate 

ouid washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH2Cl2 as eluent 
15 to provide 24 mg of the title product as a white solid. 

TLC: Rf = 0.23 (5% diethyl ether in CHjCl^) . HPLC: Rt «^ 
15.41 min. (^H) -NMR (CDCI3) consistent with structure. 

gxample IPS 

A. N-hydroxysticcinimidyl methallyl carbonate. To a 
20 solution of 2.9 mL of 1.93 M phosgene in toluene at 
*10^C was added 857 mg of methallyl alcohol. The 
mixttire was stirred for 2 h at -10^ C to produce a 1.9 M 
solution of the title compound which was used directly 
in sxibseguent reactions. 

25 B. Compound 105. A solution of 39 mg of the 

resxiltant compound of Bxasqple 40A in CH^Cl^ was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
confound of Exaztple 105A and 24 mg N,N- 

30 diisopropylethylamine. The mixture was stirred for 3 h 
and then concentrated in vacuo. The residue was tedcen 
up in ethyl acetate and washed with 0.5 N HCl and 
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satiirated NaCl then dried over MgSO^> filtered, and 
concentrated in Vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
ethyl acetate aa eluent to yield 18 xng of the title 
5 product as a white solid. TLC: Rf « 0.67 (ethyl 
acetate). HPLC: Rt » 14.97 min. (^H) -NHR (CDCI3) 
consistent with structure. 

Conpound 106. A solution of 31 xng of the 
10 resultant confound of Bxanple BIB in CH^CI^ was treated 
sequentially, at axnbient ten^erature under an 
atmosphere of nitrogen, with 0.04 mL of the resultant 
compound of Bxaniple 105A and 18 mg N,N- 
diisopropylethylamine. The mixture was stirred for 3 h 
15 and, then concentrated "in vacuo. The residue was taken 
up in ethyl acetate and washed with 0.5 N HCl ^n d 
saturated NaCl then dried over MgSO^, filtered, ;^ Tid 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
20 ether/CHjjCli ^® eluent to provide 19 mg of the title 
product as a white solid. TLC: Rf = 0.34 (5% diethyl 
ether/CHjClj) . HPLC: Rt = 18.24 min. (^H) -NMR (CDCI3) 
consistent with structure. 

PJff^nplQ 107 

25 Conqpound 107. A solution of 28 mg of the 

resultant conqpound of Exaii?)le 35A in CHjClj was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
caiX5)ound of Exaii5)le 105A and 19 mg N,N- 

30 diisopropylethylamine. The mixture was stirred for 3 h 
smd then concentrated in vacuo. The residue was taken 
up in ethyl acetate amd washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO., filtered, and 
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concentrated In vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether in CH^Cl^ as eluent to provide 18 mg of the title 
product as a white solid. TLC: Rf » 0.25 (5% diethyl 
5 ether in CH^Clj) . HPLC: Rt = 16,68 min. (^H) -NMR 
(CDCI3) consistent with structure. 

EJcairiDle 108 

Conqpound 108. To a solution of 62.5 mg of 
124B in 1 mL of THF was added sequentially 56 fili of 

10 diisopropylethylamine and a solution of 49.6 mg of the 
resultant compound of Example 82A in 1 mL THF. The 
mixture was stirred for 24 hours anr^ trh e n concentrated 
in vacuo. The residue was purified by preparative M^in 
layer chromatography using 50% EtOAc/CHjClj as eluent 

15 followed by preparative reversed- phase C18 HPLC using a 
linear gradient of 30% to 100% CHgCS/HjO with 0.1% TPA 
as eluant on a portion of the crude mixture, 4.2- mg of 
the title compound was obtained as a white solid. TLC: 
Rf » 0.16, 10% methanol/CHjClj. HPLC: Rt - 13.67 min. 

20 (^H) NMR (CDCI3) consistent with structure. ^ 

Example 109 

A. (S) -4-Methoxycarbonyl-oxa2lidin-2-one. To a 
solution of 4.88 g of serine methyl ester hydrochloride 
in 25 mL of water was added 6.94 g of potassiiam 

25 carbonate. The mixture was cooled to 0*C and 19.5 mL 
of phosgene was added dropwise. After stirring at O'^C 
for 3 hours, water was removed to yield a white solid 
with was washed with copious of CH^Clj. The organic 
solution was then dried over magnesium sulfate, 

30 filtered and concentrated to yield 3.26 g of the title 
product as a clear oil. (^H) NMR (DjO) : fi « 3.82 
(S, 3H), 4.43 (dd, IH), 4.53 (dd, Ih) , 4.67 (t, IE), 
6.29 (s, IH). 
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B. (S) -4-Hydroxymethyl-oxazlidin-2-oiie. To a 
solution o£ 3.26 g of the resultamt compouncl of Exanple 
109A in 20 mL of ethanol at O^C was added 0.85 g of 
sodium borohydrlde in small portions. The ice bath was 

5 removed and after additional 3 hours, 20 mL of 2.0 N 
hydrogen chloride was added to the mixture, which was 
then concentrated to yield an oil. The residue was 
extracted with BtOAc and the organic solution was dried 
over magnesium siiifate, filtered and concentrated to 
10 yield 2.50 g of the title' con?)ound. {^) NMR (CDCI3) : 
6 - 2.48 (s, IH), 3.69 (dd, IH) , 4.08 (m, IH) , 4.31 
(t, IH), 4.57 (t, IH). 

C. 4-Nitrophenyl- ( (S) -4-oxazlidin-2-onyl) -methyl 
caorbonate. To a solution of 1.04 g of p-nitrophenyl 

15 chloroforxnate in 20 mL of GH^Cl^ at 0«C was added 
sequentially, 0.5 g of the resultant ccaapoMnd of 
Example 109B and 0.6 mL of 4 -methyl morpholine. The 
mixture was stirred for 2 hours at ambient tenperature 
and then concentrated in vacuo. The residue was 

20 purified by low pressure silica gel column 

chromatography using 20* EtOAc in CHjCl^ eluent to yield 
0.57 g of the title compound. TLC: Rf » 0.10, 50% 
EtOAc/hexane. 



D. Con?)ound 109. To a solution of 60 mg of the 
resultant conpound of Example 35A in l mL of THF was 
added sequentially, 56 /xL of diisopropylethylamine and 
a solution of 51.1 mg of the resultant compoimd of 
Exair5)le 109C in 1 mL acetonitrile. The mixture was 
stirred for 24 hours and then concentrated in vacuo. 
The residue was purified by preparative thin layer 
chromatography using 5% methanol/GH^Clj as eluent to 
yield 60.4 mg of the title conqpoimd. TLC: Rf » 0.38, 
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5* methanol/CHjClj. HPLC: Rt = 14. 11 min. (^H) NMR 
(CDCI3) consistent with structure. 

Con^otind 110. To a solution of 60 xng of the 
5 rnaultant cnmpotmd of Bxaxxtple 40A in 1 mL of 
acetonitrile wais added sequentially, 51 /iL of 
dlisopropylethylamine and a solution of 46.8 mg of the 
resultant confound of Example 109C in 1 mL 
acetonitrile. The mixture was stirred for 48 hours arif^ 

10 then concentrated in vacuo. The residue was purified 
by preparative thin layer chromatography using 10% 
methanol/CHjCl^ eluent followed by preparative reversed- 
phase C18 HPLC using a linear gradient of 30% to 100% 
caLjCn/HjO with 0.1% TFA as eluant to yield 16 mg of the 

15 title con5>ound. TLC: Rf « 0.28, 50% EtOAc/CHjCl^ . 

HPLC: Rt - 12.47 min. (^H) NMR (CDCI3) consistent with 
structure. 

Example 111 

A solution of 0.067 mmol of the resultant 
20 conqpoimd of Exaii5>le 114D in 5 mL of tetrahydrofuran was 
added 20 /iL of diisopropylethylamine followed dropwise 
by a solution of the resultant coii5)oxmd of E3cair5)le 82A 
in 5 -mL of tetrahydrofuran during one hour. The 
mixture was stirred 16 h and then concentrated 
25 in vacuo. The crude residue was purified by thick 

layer silica gel chromatography using 5% MeOH/CH^Clj as 
eluant to obtain 21.8 mg of the title compound. TLC: 
Rf - 0.45, 5% MeOH/CHjClj; (^H) -NMR (CDCI3) consistent 
with structure. 



wo 94/05639 PCr/US93/08458 



- 183 - 

Bxaittple 112 

A. Con^otind XXII (A « tert-butoxycarbonyl, D* = 
isobutyl, B = 3-sulfonaaddopheoyl) . To a solution of 
96.6 mg (0.287 omol) of the resultant compound of 

5 Bxan^le 35A in CH^Clj (4 mL) was added aqueous sodiiim 
bicarbonate (l mL) , solid sodium bicaurbonate 36.2 mg 
(0.431 mmol) , and m- benzene disulfonylchloride 86.9 mg, 
(1.08 miaol) . After stirring for 1 h, 30* ammonium 
hydroxide (10 mL) was added. After 14 h the resulting 

10 mixture was diluted with CH^Clj, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 0% to 10% methanol /CH^Clj 
eluent to provide 49.3 mg of the title product. 

IS (^H)-NMR (OJClj) consistent with structure. 

B. Confound XXII (A - H, D« - isobutyl, B - 3- 
sulfonamidophenyi, hydrochloride salt) . A solution of 
49.3 mg (0.089 nmol) of the resultant con?)ound of 
Example 112A in BtOAc (10 mL) at -20 was treated with 
anhydrous HCl gas for 10 min. The ice bath wks removed 
and after an additional is min. , the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 53.1 mg of title product as the HCl salt. 
(^H)-NMR (CDCI3) consistent with structure. 

C. Con?>ound 112. To a solution of S3.l mg of the 
resultant con?)ound of Exan?>le 112B (0.089 mmol) in 
CHjClj (3 mL) was treated sequentially at ambient 
ten?)erature under an atmosphere of nitrogen, with 0.031 
mL (0.177 mmol) diisopropylethylamine and 24.3 mg 
(0.106 mmol) of the resultant con^jound of Exaii?)le 48A. 
The mixture was stirred 16 h and then concentrated 
in vacuo. The residue was taken up in CHjClj and washed 



25 



30 
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with satxirated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel colxann 
chromatography using a gradient 5% to 20% EtOAc in 
5 CHjClj as eluent to yield 10.8 mg of the title product. 
TLC: RP = 0.4 25* EtOAc in CHjClj. HPLC: Rt = 13.3 min; 
(^H) NMR {CDCI3) consistent with structure. 

gxample 113 

A. 3-Puransulfonyl chloride. In flame dried 

10 glassware under a nitrogen atmosphere to a solution of 
428 mg (2.909 mmol) of 3 bromoftiran in cuihydrous 
tetrahydrofuran at -78®C was added 2.0 mL n-butyl 
lithium (3.2 mmol at 1.6 molar in hexane) . After 45 
minutes the resultant solution was added via cannula to 

15 a 20 solution of sulfxiryl chloride in diethyl ether 
(5 mL plus a 2 mL rinse) . After 1 h, the reaction was 
quenched with 0.5 N hydrochloric acid and extraced into 
diethyl ether. The ethereal extracts were washed with 
saturated brine, dried over magnesixmi sulfate, filtered 

20 and concentrated in vacuo to provide 158 mg of the 
title product. (^H) NMR (CDCI3) consistent with 
structure . 

B. Compound XXII (A = tert-butoxycarbonyl, D' - 
isobutyl, E = 3-furyl) . To a solution of 289.7 mg 

25 (0.861 znmol) of the resultant coiqpound of Exanple 39A 

in CH^Cl^ (8 mL) was added aqueous sodiiim bicarbonate (2 
mL) , solid sodium bicaxbonate 108 mg (1,292 mmol), cuid 
the resultant product from Example 113A 157.8 mg, (1.08 
mmol) . After stirring for 1 h 30% ammonium hydroxide 

30 (10 mL) was added. After 14 h, the resulting mixture 
was diluted with CHjClj, washed with saturated brine, 
dried over magnesium sulfate, filtered smd concentrated 
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in vacuo. The residue was purified by flash 
chromatography using 1% to 15% EtOAc/CHjClj. 

C. Compound XXII (A » H, D' « isobutyl, B = 3-furyl, 
hydrochloride salt). A solution of 217.3 mg (0.581 

5 mmol) of the resultant compound of Example 113B in 

EtOAc (15 mL) at -20®C was treated with anhydrotis HCl 
gas for 10 min. The ice bath was removed and after an 
additional 15 min. the reaction mixtoxre was sparged 
with nitrogen then concentrated in vacuo to provide 228 
10 - mg of title product as the HCl salt. TLC: Rf = 0.52 
10% methanol/CHjClj. 

D. Confound 113. To a solution of 65.3 mg of the 
res\iltant compoiind of Example 113C (0.162 mmol) in 
CH^Clj (3 mL) was treated sequentially at ambient 

15 ten?)erature under an atmosphere of nitrogen^ with 0.056 
mil (0.324: mmol) diisopropylethylamine and 44.6 mg 
(0.194 mmol) of the resultant coztqpound of Bxaztqple 48A. 
The mixttire was stirred 16 h and then concentrated 
in vacuo. The residue was taken up in CHjCl^ cmd washed 

20 with sattirated brine, dried over magnesium sulfate, 

filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using a gradient 3% to 20% EtOAc in 
GHjClj eluent to yield 10.8 mg of the title product. 

25 TLC: Rf « 0.6, 25% EtOAc/CH^Clj. HPLC: Rt « 13.9 min; 
(^H) NMR {CDCI3) consistent with structure. 

Example 114 

A. Aminomethylcyclopentane . To a solution of LiAlH^ 
(38 g, 1.0 mole) in diethyl ether (2 L) was added 
30 cyclopentanecarbonitrile (73.2 g, 0.77 mol) as a 

solution in 250 mL ether. The solution was stirred 
overnight at ambient temperature and then quenched by 
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addition of the organics to 3 L of a saturated 
poteisaiiim, sodium tartrate solution. The amine was 
extracted into 3 L of ether, dried over anhydrous K^COg 
then concentrated by distillation to approximately 400 
5 mL total volume. The crude product was purified via 

distillation to give 58.2 g of the title confound as a 
colorless oil. (^H) -NMR (CDCI3) consistent with 
structure. 

B. Confound XXZ (A *- tert-butos^carbonyl, D* » 

10 cyclopentyl methyl , A» « H) . To the resultant compoxmd 
of Bxan^le 114A (20 g, 0.2 mol) was added compoimd XX 
(A « Boc) (5.84 g) and the mixture was stirred for 24 h 
at aihbient ten^erature. The solution was concentrated 
by distillation under reduced pressure. The residue 

15 was triturated with hexane and the solid collected by 
suction filtration and washed with hexane to give 7.08 
g of a white solid which was txsed without further 
purification. TLC: Rf « 0.59 (1:10:90 concentrated 
NH^OH/methanol/CHjClj) , (^H) -NMR (CDCI3) consistent with 

20 structure. 

C. Conqpoxmd XXII (A » tert-butoxycarbonyl, D' « 
cyclopentylmethyl, E = 4-fluorophenyl) . To a solution 
of the resultant conpoxind of ExamplB 114B (200 mg, 0.55 
mnaol) in CH^Cl^ (10 mL) was added 4- 

25 fluorobenzenesulfonyl chloride (210 mg, l.i mmol) 

followed by the addition of a saturated solution of 
sodium bicarbonate (3 mL) followed by addition of solid 
sodium bicarbonate (0.1 g, 1.2 mmol). The mixture was 
allowed to stir at ambient teii?)erature overnight. The 

30 solution was diluted with 100 mL CH^Clj, the organics 

separated, dried over emhydrous MgSO^, and the organics 
concentrated tinder reduced pressure to obtain 0.33 g of 
crude product. This material was purified via mediimi 
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pressure liquid chromatograpliy using CHjClj, followed by 
0.5:99.5 methanbl/CHjClj, followed by a 1:99 
methanol /CHjClj solution as the solvent systan to give 
120 mg (42* yield) of the title con?)o;md as a white 
5 solid. TLC: Rf = 0.48 (3:97 methanol /CHjCILj ) ; HPLC: Rt 
- 18.22 min, (*H)-NMR (CDCI3) consistent with atructxire. 

D. Caaspcnmd XXII (A » H, D* = cyclopentylaethyl , E « . 
4-fluorophenyl, hydrochloride salt). A solution of 266 
mg of the resultant compound of Exan^le 114C in ethyl 

10 acetate was treated at -20«C with HCl gas for 20 min, 
during which time the tenqperature was allowed to warm 
.. to 20«C. Nitrogen was then bubbled through the mixture 
f °^ 15 min emd the solvent removed in vacuo to yield 
224 mg of white solid which was used directly for 

15 ensuing reaction. 

E. Con5>ound 114. A solution of 31 m^ of the 
resultant compound of Exan?>le 114D in CH^Cl^ was treated 
sequentially, at ambient ten^jerature, under am 
atmosphere of nitrogen, .with 9 mg of cQlyl 

20 chloroformate and 19 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed in 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 

25 yield 34 mg of the title product as a white solid. 

TLC: Rf - 0.34 (5* diethyl ether in CHjClj) . HPLC: Rt - 
17.21 min. ('•H)-!©® (CDCI3) consistent with structure. 

Example lis 

Con?)ound 115. A solution of 31 mg of the 
30 resultant compound of Example 114B in CH2CI2 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of ethyl 
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chloroformate and 19 mg N,N-diisopropylethylainine. The 
mixture was stirred for 3 h then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
5 over MgSO^, filtered, and concentrated in vacuo to 
yield 35 mg of the title product as a white solid. 
TLC: Rf - 0.32 (5% diethyl ether/CHjClj) . HPLC: Rt « 
16.86 min. (^H) -NMR (CDCl^) consistent with structure. 

« 

Bxamnle llfi 

10 A. Compound XXII (A « tert-butoxycarbonyl, D' » 

cyclopeatylmethyl, E » 4-chlorophenyl) . The resultant 
coB5>ouiid of Bxaople 114B (252 mg) was reacted with 4- 
chlorobenzenea\ilf onyl chloride (175 mg) in the manner 
described in Exanqole 166A. Workup and purification by 

15 silica gel chromatography using BtOAc/C^Cl, as eluant 

yielded the product as a white solid; (^) NMR (CDCI3) " 
consistent with structure. 



20 



B. Confound XXII (A - H, D' - cyclopentylmethyl , E = 
4-chlorophenyl, hydrochloride salt). A solution of 320 
mg of the resultant con?>oxmd of Eacan^le 116A in 20 mL 
of EtOAc was treated with anhydrous HCl gas for 5 min. 
The reaction mixture was sparged with nitrogen then 
concentrated in vacuo to yeld a white solid which was 
used directly for subsequent reaction. 

25 C. Confound 116. To a solution of 63.4 mg of the 

resultant con?>ound of Bxan^jle 116B in l mL of THF was 
added sequentially 54 nL of diisopropylethylamine and a 
solution of 39.9 mg of the resultant con?>ound of 
Example 48A in l mL THF. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was purified by low pressure silica gel column 
chromatography using 20% EtOAc in CHjCl^ eluent to yield 



30 
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0.62 g of the title cotnpc3).ind . TLC: Rf = 0.71, 40% 
EtOAc/CHjClj. HPLC: Rt » 16.88 min. (^H) NMR (CDCI3) 
consistent with structure. 

Sxsffple .117 

Compound 117. A solution of 66.1 rag o£ the 
resultant conpotind of Exan^le 116B in 1 xnL of THF was 
treated sequentially with 56 ^ of 
diisopropylethylamine and 19.3 fiL of allyl 
chloroforraate. The mixture was stirred for 4 hours ^nH 
concentrated in vacuo. The residue was taken into 50 
mL of EtOAc and washed with 1.0 H HCl, saturated sodium 
bicarbonate, brine, dried over magnesium sulfate, 
filtered and concentrated. The residue was purified by 
low pressure silica gel column chromatography using 20% 
EtOAc in hexane eluent to yield 69 . 7 mg of the title 
compoxmd. TLC: Rf = 0.20, 20% EtOAc/hexane . HPLC: 
Rt =» 17.83 min. (^H) NMR (CDCI3) consistent with 
structure.. _ 

20 Con^DOund 118. To a solution of 65.3 mg of 

the resultant coir5)ound of Example 116B in 1 mL of THF 
was added sequentially 55 fih of diisopropylethylamine 
smd a solution of 49.2 mg of the resultant conpound of 
Exasaple 82A in 1 mL THF. The mixture was stirred for 

25 24 hours and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using 40% EtOAc in CHjClj as eluent 
followed by preparative reversed -phase C^^g HPLC using a 
linear gradient of 40% to 80% CHgCN/HjO for elution to 

30 yield 70.7 mg of the title conqpound. TLC: Rf » 0.27, 
40% EtOAc/CHjClj. HPLC: Rt » 14.85 min. (^H) NMR 
(CDCI3) consistent with structure. 



10 
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gxamnlQ 119 

CooDttpound 119. A solution of 26 mg of the 
resultant compoxind of Exanple 81B in CH^Clj was treated 
sequentially, at ambient temperature \inder an 

5 atmosphere of nitrogen, with 6 mg of ethyl 

chloroformate and 15 mg NrN-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 
10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Cl^ as eluent 
to provide 26 mg of the title product as a white solid. 
TLC: Rf = 0.19 (5% diethyl ether in CH^Clj) . HPLC: Rt » 

15 17.50 min. (^) -MMR (03013) consistent with structure. 

py^Jttpa.^ i2p 

Confound 120. A solution of 30 mg of the 
resultant cos^oxind of £xaiq>le 4 OA in CH^Cl^ was treated 
sequentially, at ambient temperature imder an 

20 atmosphere of nitrogen, with 8 mg of ethyl 

chloroformate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 

25 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 25 mg of the title product as a white solid. 
TLC: Rf « 0.60 (ethyl acetate). HPLC: Rt « 13.86 min. 

30 (^H) -NMR (CDCI3) consistent with structure. 
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B-»camDle 121 

Con5)ound 121. A solution of 26 mg of the 
resultant compound of Eacanple 35A in CH-jCl^ was treated 
sequentially, at ambient ten?)erature under an 
5 atmosphere of nitrogen, with 7 mg of ethyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo* The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography xisdLng 5% diethyl ether/CHjClj as eluent 
to provide 22 mg of the title product as a white solid. 
TLC: Rf » 0.14 (5* diethyl ether/CHjCl^) . HPLC: Rt = 

15 15.95 min. (^) -NMR (CDCI3) consistent with stonictxire. 

g^cample 122 

Confound 122. A solution of 27 mg of the 
resultant confound of Example 35A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 

20 atmosphere of nitrogen, with 8 mg of allyl 

chloroformate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and satoirated NaCl then dried 

25 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether in CH^Clj as 
eluent to provide 23 mg of the title product as a white 
solid. TLC: Rf » 0.33, 5* diethyl ether in CHjClj. 

30 HPLC: Rt = 16.28 min. (^H) -NMR {CDCI3) consistent with 
structure. 
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A. Conpoxind XXII (A = tert-butoxycarbonyl, D' ^ 
isobutyl, E - 3,4- dimethoxyphenyl ) . To a solution of 
401 mg (1.192 xnznol) o£ the resultant cospoimd o£ 
5 ISxajx^le 39A in CH^Cl^ (12 xnL) was added aqueous sodium 
bicarbonate (3 xnL) , solid sodium bicarbonate 130 mg 
(1.549 mmol) , and 3, 4-dimethoxybenzenestilfonyl 
chloride 33.8 mg, (1.43 mmol) . After 14 h/ the 
resulting mixtoire was diluted with EtOAc, washed with 
10 saturated brine, dried over magnesium stilfate, filtered 
and concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25* EtOAc/CHjClj eluent 
to provide 440.1 mg of the title product. TLC: Rf » 
0.72, 20% BtOAc/CHjClj. 

15 B. Con5)ound XXII (A » H, D« « isobutyl, E » 3,4- 

d i meth o xyphenyl , hydrochloride sailt) . A solution of. 
440 mg (0.820 mmol) of the resultant compound of 
Exaii?>le 123A in EtOAc (15 mL) at -20»C was treated with 
anhydrous HCl gas for 10 min. The ice bath was removed 

20 and after an. additional 15 min. the reaction mixture 

was sparged with nitrogen then concentrated in vacuo to 
provide 610 mg of title product as the HCl salt. TLC: 
Rf « 0.44, 10% methanol/CHjClj. 

C. Compound 123. A solution of 38.9 mg of the 
25 resultant coii5)ound of Exair5)le 123B (0.170 mmol) in 
CHjClj (3 mL) was treated sequentially at ambient 
ten5>erature under an atmosphere of nitrogen with 0.049 
mL (0.283 mmol) diisopropylethylamine and 66.9 mg 
(169.6 mmol) of the resultant conpound of Exair5>le 48A. 
30 The mixture was stirred for 16 h and then concentrated 
in vacuo. The residue was talcen up in CH^Clj and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
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purified by low pressure silica gel coluom 
chromatography using a gradient 10* to 25% diethyl 
ether in CHjCl, cluent to yield 57.6 tog of the title 
product. TLC: Rf - 0.39, 25% diethyl ether/CHjCl, . 
5 HPLC: Rt » 14.3 min; {^) NMR (CDCI3) consistent with 
structure . 

A. Coopound XXII (A - tert-butoxycarbonyl, D' » 
isobutyl, E » 3,4 difluorophenyl) . To a solution of 
10 332.7 mg (0.989 nnnol) of the resultant con?)ound of 

Bxaii5)le 39A in GH^Clj (12 xnL) was euided aqueous sodium 
bicarbonate (3 mL) , solid sodixim bicarbonate 125 mg 
(1.483 mmol) , and 3,4 dif luorobenzensiilf onyl chloride 
231 mg. (1.088 mmol). After 14 h, the resulting 
mixture was. diluted With CHjCl,, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25% diethyl 
ether/CHjClj eluent to provide 313.6 mg of the title 
product. (hi) -NMR (CDCI3) consistent with structure. 



15 



20 



B. Coa?)ound XXII (A =. H, D« = isobutyl, E = 3,4 
difluorophenyl, hydrochloride salt) . A solution of 
312.6 mg (0.610 mmol) of the resultant coo^jound of 
Exanqale 124A in EtOAc (15 mL) at -20-C was treated with 
25 anhydrous HCl gas for 10 min. The ice bath was removed 
and after an additional is min. , the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 280 mg of title product as a white solid. TLC: 
Rf - 0.46, 10% methanol/CHjClj. 

30 c. Canspoxmd 124. To a solution' of 64.7 mg of the 
resultant compound of Example 124B (0.144 mmol) in 
CHjClj (3 mL) was treated sequentially at ambient 
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temperature under an atmosphere of nitrogen, with 0.050 
mL (0.288 mmol) diisopropylethylamine and 39.6 mg 
(172.9 mmol) of the resiiltant conqpotind of Bxample 48A. 
The mixture was stirred for 16 h and then concentrated 
in vacuo. The residue was taken up in CH^Cl^ euid washed 
with saturated brine, dried over magnesium s\xlfate, 
filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using a gradient 5% to 20% diethyl ether 
in CHjCl^ eluent to yield 44 mg of the title product. 
TLC: RP - 0.54 25% diethyl ether/CHjCa-j . HPLC: Rt « 
15.4 min. (^H) NMR (CDCI3) consistent with structxire. 

Cdnpound 125. This coir^)ound was prepared 
from the resultant compound of Bxample 146B in the 
manner described in Example 88. After workup a nd 
purification by preparative reversed-phase C^g HPLC 
using a liner gradient of 35% to 100% CHjCN/HjO with 
0.1% TFA as elxiant, 10.5 mg of the title coit5)oimd was 
obtained as a white solid. TLC: Rf » 0.4, 4% 
MeOH/CHjCl^. HPLC: Rt « 14.06 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Example 126 

A. Compound XXI (A = tert-butoxycarbonyl, D' = 
methyl. A' « H) . To a solution coii5)ound XX (1.7 mmol) 
in ethanol (20 mL) was added methylamine gas, at 
ambient tenperature , for 30 min. The solution was 
stirred overnight, then concentrated under reduced 
pressure to give 0.47 g of the title con5)otind which was 
used without subsequent purification. TLC: Rf » 0.19, 
1:10:90 NH40H/methanol/CH2Cl2, (^H) -NMR (CDCI3) 
consistent with structure. 
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B. Compoxand 126. To a solution of the product of 
Exanqple 126A (0.15 g, 0.51 xnmol) in CHjCl^ (10 mL) was 
added a saturated solution of sodium bicarbonate (3 
mL) , followed by addition of solid sodiiua bicarbonate 
5 (90 mg, 1.1 mmol) , followed by addition of 3,4- 

dichlorobenzenesulf onyl chloride (0.25 g, 1.0 xmnol) . 
The mixture was stirred at ambient temperature 
overnight. The organics were extracted into 100 mL 
CE^Cl^, dried over anhydrous, MgSO^, concentrated imder 

10 reduced pressure then purified via medium pressure 

silica gel chromatography using a gradient system of 
CHjClj followed by 5:95 ether/CHjClj . The title 
compound was obtained as a colorless foam 210 mg. TLC: 
Rf - 0.42 (3:97 methanol /CH^Clj ) , HPLC: Rt « 17.2 min; 

15 (^) -NMR (CDCI3) consistent with structxire. 

Example 127. 

Conqpound 127. To a solution of the product 
of Exazr^le 126A (0.15 g, 0.51 mmol) in CH^Cl^ (10 mL) 
was added a saturated solution of sodium bicarbonate (3 

20 mL) , followed by addition of solid sodium bicarbonate 
(100 mg, 1.0 mmol) , followed by addition of 4- 
fluorobenzenesulf onyl chloride (0.20 g, 1.0 mmol) * The 
mixture was stirred at ambient temperature overnight. 
The Orgsuiics were extracted into 100 mL CH^Cl^, dried 

25 over anhydrous, MgSO^, concentrated under reduced 

pressure then purified via medium pressure silica gel 
chromatography using a gradient system of CH^Clj 
followed by 5:95 ether/ CH^Clj • The title compound was 
obtained as a white solid 104 mg. TLC: Rf = 0.36, 3:97 

30 methanol/CHjClj, HPLC: Rt « 15.86 min; (^H) -NMR (CDCI3) 
consistent with structure. 
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Bxamnle 128 

Compound 128. To a solution of the product 
of Example 126A (0.15 g, 0.51 xnmol) in CH^Cl^ (6 mL) was 
added a saturated solution of sodium bicarbonate (3 
5 mL) , followed by addition of solid sodium bicaxbonate 
(90 mg, 1.0 mmol) , followed by addition of 
acetamidobenzenesulfonyl chloride (0.24 g, 1.02 mmol) . 
The mixture was stirred at ambient temperature 
overnight. The organ i cs were extracted into 100 mL 

10 CH^Clj, dried ever anhydrous, MgSO^, concentrated nnder 
reduced pressure then purified via medium pressure 
silica gel chromatography using a gradient system of 
CHjClj followed by 5:95 EtOAc/CHjCl^, followed by 10:90 
EtOAc/CH^Cl^. The title cospound was obtained as 244 mg 

15 of white solid. TLC: Rf = 0.13, 3:97 methanol/CHjClj, 
HPLC: Rt - 13.47 min; (^H) -NMR (CDCI3) consistent with 
structure. 

A. Coit5)ound XXI (A = tert-butoxycarbonyl, D« = (2- 
20 tetrahydrofuryl) -methyl. A* « H) . To a solution 

confound XX (3.3 mmol) in ethanol (30 mL) was added 
tetrahydrofurfurylamine (1.03 mL, 10 mmol). The 
mixture was warmed to 85**C amd stirred overnight. The 
solution was filtered and the solution concentrated 
25 under reduced pressure to give 1.29 g of the title 
cotcqpound which was used without sxibseguent 
purification. TLC: Rf = 0.52, 1:10:90 
NH^OH/methanol/CHjClj 

B. Conpoxind 129. To a solution of the resultant 

30 conqpound of Example 129A (200 mg, 0.55 mmol) in CHjClj 
(6 mL) was added 4-f luorobenzenesulf onyl chloride (320 
mg, 1.6 mmol) followed a saturated solution of sodium 
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bicaxbonate (3 znL) and solid sodixim bicaxbonate (0.1 g, 
1.2 znmol) . The mixture vras stirred at ambient 
temperature overnight. The solution was diluted with 
100 mL CH^Cl^, the organ i ca separated, dried over 
5 anhydrous MgSO^, and the organics concentrated under 
reduced pressure. The crude product was purified via 
mpdiiim pressure liquid chromatography using a gradient 
solvent system of CH^Cl^ followed by 5:95 ether/CH^Clj 
followed by a 10:90 ether/CH^Cl^ solution to give 130 mg 
10 of the title confound as a white solid. TLC: Rf « 
0.35, 3:97 methanol /GHjCl^, HPLC: Rt » 16.37 min, 
(^H) -NMR (CDCI3) consistent with structure. 

A. Compound XXI (A = tert-butoxycarbonyl, D' « 

15 (isobutenyl, A» « h) ) : To a solution con?)ound XX (A - 
tert-butoxycarbonyl) (2.5 mmol) in ethanol (30 mL) was 
added a bsolution '2 -methylallylamine hydrochloride (1.34 
g, 12.5 mmol) and KOH (0.70 g, 12.5 mmol) in ethanol 
(20 mL) . The mixture stirred 30 min at ambient 

20 tenqperature. The solutions were combined eind heated to 
85®C for 24 h. The solution was filtered and 
concentrated \inder reduced pressure to give 0.82 g of 
the title conqpound which was used without subsequent 
purification. TLC: Rf « 0.45, 1:10:90 concentrated 

25 NH^OH/methanol/CHjClj . 

B. Con^jound 130. To a solution of the product of 
Exanqple 130A (0-20 g, 0.60 mmol) in CH^Cl^ (6 mL) was 
added a saturated solution of sodium bicarbonate (3 
mL) , followed by solid sodium bicarbonate (0.1 g, 1.2 

30 mmol) and then p-fluorobenzenesulf onyl chloride (0.35 
g, 1.78 mmol) . The mixture was stirred at ambient 
ten?)erature for 24 h. The orgauiics were extracted into 
100 mL CHjClj, dried over anhydrous MgSO., concentrated 
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under reduced presstire then purified via medixixn 
pressure silica gel chromatography using a gradient 
system of CHjCl^, followed by 1:99 methcUiol/CHjClj. The 
title compound was obtained as a white solid 180 mg. 
5 TLC: Rf = 0.35, 3:97 methanol/GHjCl^, HPLC: Rt = 16.82 
min; (^H) -NMR (CDClj) consistent with structure. 

Coxqpoxind 131. To a solution of the resultant 
compoxmd of Exasqple 130A (200 mg, 0.60 mntiol) in CH^Cl^ 

10 (6 mL) was added 4 - ace tamidobenzenestilf onyl chloride 
(410 mg, 1.76 mmol) , followed by a saturated solution 
of sodium bicarbonate 13 mL) and solid sodium 
bicarbonate (0.1 g, 1.2 mmol) . The mixture was stirred 
at ambient ten?)erature overnight. The solution was 

15 diluted with 100 mL CH^Clj, the organics separated, 
dried over anhydrous MgSO^, suid the oirganics 
concentrated imder reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CHjClj, followed by 

20 30:70 EtOAc/CHjClj solution to give 140 mg of ^he title 
compound as a white solid. TLC: Rf = 0.19, 3:97 
methanol/CHjClj, HPLC: Rt = 15.06 min, (^H) -NMR (CDCI3) 
consistent with structure. 

Example 132 

25 A. Conpound XXII (A « H, D' = (2- tetrahydrofuryl) - 

methyl, E » 4-f luorophenyl, hydrochloride salt) . To a 
solution of the resultsmt compound of Exan?)le 129B (30 
mg, 0.057 mmol) in EtOAc (3 mL) was added 30% w/w HCl 
in EtOAc (1 mL) . The mixture was stirred overnight at 

30 ambient teinperature. The solution was concentrated 
under reduced pressure to give 16 mg of the title 
coii?>ouaid as a white solid which was used without 
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s\ibaequent purification. TLC: Rf = 0.60 (1:10:90 
NH^OH/methanol/CHjClj) • 

B. Ccantpound 132. To a solution of the resultant 
compound of Exanple 132A (16 mg) in CHjCl, (5 mL) was 

5 added triethylamine (O.l mL, 0.72 nnaol) followed by the 
cosqpoxmd of Bxanple 48A (20 mg, 0.09 mmol) . The 
mixture wsis stirred at ambient tai^erature for 24 
hours. The solution was concentrated iinder reduced 
pressure and the crude product purified via medium 

.0 pressure coltmi chromatography \ising 20:80 EtOAc/CHjClj 
as the solvent system to give 7.4 mg. Rf = 0.37 (3:97 
methanol/CHjClj) , HPLC: Rt » 14.19 min, (%) -NMR (CDCI3) 
consistent with structure. 

,5 A. Con?)ound XXII (A ■= tert-butoxycaurbonyl, D' « (2- 
tetrahydrofuryl) -methyl, B - 4-acetamidopheayl) . To a 
solution of the resultant compound of Exanple 129A (200 
mg, 0.55 mmol) in CHjCl^ (6 mL) was added 4- 
acetamidobenzenesulfonyl chloride (380 mg, 1.6 mmol) 

0 followed by a saturated solution of sodium bicarbonate 
(3 mL) and solid sodium bicarbonate (O.l g, 1.2 mmol). 
the mixture was stirred at ambient ten^jerature 
overnight. The solution was diluted with 100 mL CHjClj, 
the organics separated, dried over anhydrous. MgSO^, 

5 and the organics concentrated under reduced pressure. 
The crude product was purified via medium pressure 
liquid chromatography using a gradient solvent system 
of CH^Clj, followed by 10:90 EtOAc/CH^Clj. followed by a 
30:70 EtOAc/CHjClj solution to give 120 mg of the title 

0 conqoound as a white solid. TLC: Rf » 0.13, 3:97 
methanol/CHjClj, (^H) -NMR (CDCI3) consistent with 
structure. 
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B. Con^joxind XXII (A = H, D* = (2-tetrahydrofuryl) - 
methyl, E = 4-aeetainiclophenyl, hydrochloride salt) . To 
a solution of the resultant conqpound of Example 13 3A 
(120 mg 0.22 mmol) in EtOAc (5 mL) was added 30% w/w 
HCl in EtOAc (2 mL) . The mixture was stirred overnight 
at ambient temperature. The solution was concentrated 
under reduced pressure to give the title conqpound which 
was used without subsequent purification. TLC: Rf = 
O.SO, 1:10:90 NH^OH/methanol/CHjClj . 

C. Co m pound 133. To a solution of the resultsuit 
conqpound of Example 133B in CHjClj (5 mL) was added 
triethylamine (0.2 mL, 1.4 mmol) followed by the 
compound of Exanple 48A (73 mg, 0.32 mmol). The 
mixture was stirred at ambient ten5)erature for 24 
hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CHjCl^, followed by 1:99 methanol /CHjClj, 
followed by 3:97 methanol/CHjClj as the solvent system 
to give 87.8 mg. Rf = 0.09, 3:97 methanol/CHjClj, HPLC: 
Rt = 12.53 min, (^H) -NMR (CDCI3) consistent with 
structure. 

RyaTnp,1«a 134 

A. Compound XXII (A - H, D' = isobutenyl, E - 4- 
acetamidophenyl, hydrochloride salt). To a solution of 
the resultant compound of Exanqple 131 (40 mg 0.075 
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (2 
mL) . The mixture was stirred overnight at ambient 
temperature. The solution was concentrated under 
reduced pressure to give the title confound, which was 
used without subsequent purification. TLC: Rf = 0.38, 
1:10:90 NH^OH/methanol/CHjClj. 



10 



15 



20 
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B. Ccsntpotind 134. To a solution o£ the resultant 
confound of Example 134A in CH^Clj (5 mL) was added 
triethylamine (O.l mL, 0.72 mmol) , followed by the 
conqpound of Bxaople 48A (26 mg, 0.11 mmol) . The 
5 mixture was stirred at ambient temperature for 24 
hours. The solution was concentrated under reduced 
pressure and the crude product pxirif ied via medium 
pressure column chromatography using a gradient solvent 
system of CHjjCl,, followed by 1:99 methanol/CHjClj, 
10 followed by 3:97 methanol /CHjClj as the solvent system 
to give 10. 1 mg of the title confound. Rf » O.ll (3:97 
methanol/CHjClj) , HPLC: Rt = 12.86 min, (j^H) -NMR (CDCI3) 
consistent with structure. 

Bxanrole 135 

15 A. Coo^jound XXI (A = H, D* = (isobutenyl, E = 4- 

fluoropheynl, hydrochloride salt) . To a solution of 
the resultant conpound of Example 130B (50 mg, 0.10 
mmol) in EtOAc (5 mL) was added 30% w/w Hd in EtOAc (1 
mL) . The mixture was stirred overnight at ambient 

20 ten?)erature. The solution was concentrated under 

reduced pressure to give the title con5>ound which was 
used without subsequent purification. TLC: Rf = 0.48, 
1:10:90 NH^OH/methanol/CHjClj- 

B. Confound 135. To a solution of the resultant 
25 compound of Example 135A in CHjCl, (5 mL) was added 
triethylamine (O.l mL, 0.72 mmol), followed by the 
caapanmd of Exaa^le 48A (35 mg, 0.15 mmol) . The 
mixture was stirred at ambient temperature for 24 
hours. The solution was concentrated vmder reduced 
30 pressure and the crude product purified via medium 

pressure column chromatography using a gradient solvent 
system of CHjClj followed by 20:80 EtOAc/CHjClj as the 
solvent system to give 12 mg. Rf = 0.34, 3 :97 
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methanol /CHjClj, HPLC: Rt = 14.64 min, (^H) -NMR (CDCI3) 
consistent with structure. 

Bxample l3g 

A. Con?)oimd XXI (A " tert-butoxyceurbonyl, D' o 2- 
5 furfuryl. A' « H) . To a solution con^jound XX (2.5 

mmol) in ethanol (30 mL) was added ftirfurylamine (0.67 
mL, 7.5 mmol) and the mixtiire was heated to 85"C for 
24 h. The solution was filtered and concentrated under * 
reduced pressure to give 0.80 g of the title conpound 
10 which was used without subsequent purification. TLC: 
Rf - 0.38, 1:10:90 concentrated NH^OH/methanol/CHjClj . 

B. Confound XXII (A » tert-butoxycarbonyl, D' » 2- 
furyl, B - 4-fluorophenyl) . To a solution of the 
product of Example 136A (0.20 g. 0.60 mmol) in CHjClj (6 

15 mL) was added a saturated solution of sodium 

bicarbonate t3 mLj , followed by addition, of solid 
sodium bicarbonate (O.i g, 1.2 mmol), then p- 
fluorobenzenesulfonyl chloride (0.32 g, 1.6 mmol). The 
mixture was stirred at ambient ten^jerature for 24 h. 

20 The organics were extracted into 100 mL CHjClj, dried 
over anhydrous MgSO^, concentrated under reduced 
pressure, then purified via medium pressure silica gel 
chromatography using a gradient system of CH CI 
followed by 1:99 methanol/CHjClj . The title ^o^ound 

25 was obtained as a white solid (86.1 mg) . TLC: Rf - 
0.17, 3:97 methanol/CHjClj, HPLC: Rt = 16.5 min; 
(iH)-NMR (CDCI3) consistent with structure. 

C. Confound XXII (A = H, D- = 2.furyl, E = 4. 
fluorophenyl, hydrochloride salt). To a solution of 

30 the resultant compound of Exaii?>le 136B (16 mg, 0.031 
mmol) in EtOAc (3 mL) was added 30* w/w HCl in EtOAc 
(1 mL) . The mixture was stirred overnight at ambient 
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tempexatiure . The solution was concentrated under 
reduced pressure to give the title compoxind, which was 
used without subsequent purification. TLC: Rf = 0.48, 
1:10:90 NH^OH/methanol/CHjClj. 

5 D. Conqpound 136. To a solution of the resultant 
ccn?)ound of Exaii?)le 13 6C in C^Cl, (5 mL) was added 
triethylamine (O.l nL, 0.72 nmol) , followed by the 
restiltant con?>ound of Exaiople 48A (11 ing, 0.05 mmol) . 
The mixture was stirred at ambient ten?>erature for 24 
10 hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a grouiient solvent 
system of CHjCl^ followed by 20:80 BtOAc/C^Clj as the 
solvent system to give 4.9 mg. TLC: Rf = 0.28, (3:97 
methanol/CH^Clj, HPLC: Rt - 14.57 min, (^H) -NMR (CDClg) 
consistent with structure. 



IS 



Example 137 

A. Confound XXII (A = tert-butoxycarbonyl, D' = 2- 
furyl, E - 4-acetamidophenyl) . To a solution of the 
20 resultant confound of Exanqple 136B (200 mg, 0.55 mmol) 
in CH^Clj (G mL) was added 4-acetamidobenzene3ulf onyl 
chloride (390 mg, 1.7 mmol) followed by saturated 
solution of sodium bicarbonate (3 mL) and solid sodium 
bicarbonate (0.1 g, 1.2 mmol). The mixture was stirred 
25 at ambient ten?)erature overnight. The solution was 
diluted with 100 mL CHjCl,, the organics separated, 
dried over anhydrous. MgSO^, and the organics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CHjCl^, followed by 
10:90 EtOAc/CHjClj. followed by a 30:70 EtOAc/CHjClj 
solution to give* 100 mg of the title compound as a 
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white solid. TLC: Rf = 0.19, 3:97 methanol/CHjClj, 
(^H) -NMR {CDCI3) consistent with structure. 

B. Compound XXII (A » H, D« = 2-furyl, E = 4- 
acetamidophenyl , hydrochloride salt) • To a solution of 
the resultant conqpount of Exanple 137A (30 mg, 0.054 
mmol) in EtOAc (3 mL) was added 30% w/w HCl in EtOAc (1 
mL) . The mixture was stirred overnight at ambient 
ten5)erature. The solution was concentrated xinder 
reduced pressure to give the title conqpound which was 
used without subsequent purification. TLC: Rf = 0.37 
(1:10:90 NH^OH/methanol/CHjClj) . 

C. Con5)ound 137. To a solution of the resultant 
coxtqpound of E3caii?)le 137a in CH^Cl^ (S mL) was added 
triethylamine (0.1 mL' 0.72 mmol) followed by the 
con?)ound of Exanple 48A (19 mg, 0.083 mmol). The 
mixture -was stirred at, ambient temperature for 24 
hoxirs. The solution was concentrated xinder reduced 
presstire and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CHjCl^, followed by 1:99 methanol/CHjClj, 
followed by 3:97 methanol /CH^Clj as the solvent system 
to give 8.5 mg of the title compound. TLC: Rf » o.ll 
(3:97 methanol/CHjClj) , HPLC: Rt = 12.69- min; (^H) -NMR 
(CDCI3) consistent with structure. 

B3caiiff?l^ 

Compound 138. A solution of 75 mg of the 
resultant conqpound of Exanple 51D and 45 mg of 3- 
chlorobenzenesulf onyl chloride were reacted in the 
manner described in Example 60. After workup and 
purification by prepeurative reversed-phase C^g HPLC 
using a linear gradient of 35% to 100% CH3CN/H2O with 
0.1% TFA as eluant, 29.7 mg of the title conpound was 
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Obtained. TLC: Rf » 0.3, 4% MeOH/CHjClj, HPLC: Rt = 
15.83 rnin; {^H)-iJMR (CDCI3) consistent with structtire. 

Conpcmnd 139. To a solution o£ 67.9 mg of 
5 t-ViS resultant coopount of Bxaxnple 116B in 1 xnL of THP 
was added sequentially, 57 fiL of diisopropylethylamine 
and a solution of 52.6 mg of the resultant ccopound of 
Bxanple 109C in l xoL THP. "nie mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
piirif ied by prepsurative thick layer silica gel 
chromatography using 7* methanol in CHjClj eluent to 
yield 70.0 mg of the title compound. TLC: Rf » 0.30, 
5% methanol/CHjO.,. HPLC: Rt - 15.78 min; (*H) MMR 
(CDCI3) consistent with structure. 

A. 3 (S) -^amino-2 (syn) -hydroxy-4-phenyl^l-chlorobutane 
formate salt. To a slurry of 16.33 g of 10% palladium 
on carbon (25% by weight) in methanol and 
tetrahydrofuran (400 mL, .1:1) was added, under Ng, 
65.35 g of 3 (S) -N- (-benzyloxycarbonyl) -amino-l-chloro- 
2 (syn) -hydroxy-4-phenylbutane (195.77 mmol) as a 
solution in methanol and tetrahydrofuran (1.2 L) . To 
this sltirry vras suided 540 mL of formic acid. After 
15 h, the reaction mixture was filtered through 
diatomaceous sEurth and concentrated to dryness. The 
resultant oil was slurried in toluene and evaporated, 
then triturated sequentially with diethyl ether and 
CHjClj to provide 47.64 g of product as a granular tan 
solid. TLC: Rf = 0.17, 5% acetic acid/ethyl acetate. 

B. 3(S)-N-(3(S) - tet rahydrof uryloxycarbonyl ) - amino - 1 - 
chloro-2(syn)-hydroxy-4-phenylbutane. To a solution of 
the resultant compound of Example 140A (1.97 g, 7.95 
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nnnol) in CHjClj (20 mL) was added a satxirated solution 
of sodium bicarbonate (5 mL) , followed by solid sodium 
bicarbonate (1.33 g, 17.9 mmol) , and the resultant 
conqpound of Example 48A (2.0 g, 8.7 mmol) . The mixture 
was stirred at ambient temperature overnight. The 
solution was diluted with 200 mL CH^Cl^, the organics 
separated, dried over anhydrous MgSO^, and concentrated 
under reduced pressure. The residue was recrystallized 
from ethyl acetate/hexane to give l.Oi g of the title 
conqpound as a white solid. TLC: Rf » o.3S, 3:97 
methanol/CHjClj. (^H) -NMR (CDCI3) consistent with 
structure. 

C. Compound XX (A - 3 (a) -tetrahydrofuryloxycarbonyl) . 
To a solution of the resultant compound of Exan^le 14 OB 

IS (1.0 g, 3.2 mmol) in absolute ethanol (is mL) was added 
solid KOH (0.21 g, 3.8 mmol) . The mixture was stirred 
at ambient ten?)erature for I. O h. The solution was 
filtered through a pad of Celite then concentrated 
Tinder reduced pressure. The residue was taken up in 

20 ether (100 mL) , washed with brine, dried over MgSO^, 

the concentrated under reduced pressure to give 0.88 g 
of the title con?)ound as a white solid. TLC: Rf « o.49 
(3:97 methanol/CHjClj) , (^m-NMR (CDCI3) consistent with 
structure. 

25 D. Compound XXI (A = (S)-3- 

tetrahydrofuryloxycarbonyl, D' - cyclopentylmethyl , 
A' »^H). The resultant CQn?)ound of Exaii?)le 140C (0.88 
g, 3.2 mol) was added to the resultant compound of 
Example 114A (5.0 g, 50.4 mmol) and stirred for 24 h at 

30 ambient ten?)erature . The solution was concentrated by 
distillation under reduced pressure. The residue was 
triturated with hexane and the solid collected by 
suction filtration and washed with hexane to give 0.93 
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g of the title campoiind. TLC: Rf » 0.44, 1:10:90 
concentrated NH^OH/methaaol/CHjClj; (^) -NMR {CDCI3) 
consistent with structure. 

E. Confound 140. To a solution of the resxaltant 
confound of. Exas^le 140D (0.93 g, 2.47 imnol) In CO^Cl^ 
(20 nL) was added a saturated solution of sodium 
bicarbonate (5 mL) followed by addition of solid sodltim 
bicarbonate (0.42 g, 4.94 imnol) and 4- 
methoxybenzenesulfonyl chloride (O.Sl g, 2.96 mmol) . 
the mixture was stirred at ambient ten^jerature for 4 
hours. The solution was diluted with 200 mL CHjCl^, the 
organlcs separated, dried over anhydrous MgSO^, «md the 
organlcs concentrated \inder reduced pressure. The 
crude product was purified via mediimi pressure liquid 
IS chromatography using CHjCa.2 followed by 1:99 

methanol/CB^Clj solution as the eluent system to give 
1.28- g of the title confound ais a white solid. TLC: Rf 
- 0-26, 3:97 methanol /CHjClj, HPLC: Rt = 15.66 min, 
(^) -NMR (CDCI3) consistent with structure. 

2° Bxamnle ^A^ 

A. Conqpound XXII (A = H, D- = cyclopentylmethyl . E - 
4-metho3cyphenyl, hydrochloride salt) . A solution of 
71.3 mg of the resultant confound of Exanple 16 6A in 
EtOAc (25 mL) at 0«C was treated with anhydrous HCl gas 
for 10 min., and allowed to stand for 12 h while 
warming to ambient temperature, then concentrated under 
reduced pressure and the resulting white solid used 
without purification for subsequent reaction. 



25 
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B. Ccnqpound 141. The resultant conpound of Exaii?>le 
141A (0.134 mmol) was reacted with allyl chloroformate 
in the manner described in Example 87B. After 
concentration of the mixture in vacuo and wortaip, the 
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residue was purified by tliick layer silica gel 
chromatography using 5% MeOH/CH^Cl^ as elxiant followed 
by prepaxative reversed-phase C^^ HPLC using a linear 
gradient of 35% to 100* CHjCN/H^O with 0.1% TPA as 
5 elueuit to obtain 21.6 mg of the title compound. TLC: 
Rf » 0.45, 5% MeOH/CHjCljj. HPLC: Rt = 16.96 min. 

Con?)ound 142. To a solution of 4.0 g of the 
resultant con^)ound of Example 141A in 45 mL of THF was 

10 added sequentially, 1.96 mL of diisopropylethylamine 
and a solution of 2.68 g of the resultant confound of 
Example 82A in 45 mL THP. The mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
taken up in CHjClj, washed with saturated sodium 

15 bicarbonate and brine, dried over magnesium sxilfate, 
filtered and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using 20% to 40% EtOAc in hexane eluent 
to yield 3.69 g of the title con5)oiind. TLC: Rf « 0.41, 

20 50% EtOAc/CH^Clj. 

B?gample ?,43 

Conqpound 143. A solution of .3.69 g of the 
resultant compound of Exair?)le 142 in 100 mL of ethyl 
ether was treated with anhydrous HCl gas for 10 min. 
25 The reaction mixture was sparged with nitrogen then 
filtered. The solid was taken up in methanol and 
concentrated to yield 3.71 g of the title coit?>ound. 
TLC: Rf = 0.62, 90/10/1 CHjClj/MeOH/AcOH, HPLC: Rt = 
13.87 min. (^H) -NMR (CDCI3) consistent with structure. 
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E3cample 145 

A. CcaapoiinA XXXI (A = tert-butoxycarbonyl, D' = 
iaobutyl, E - 2- (5-isoxazoy-3-yl) -thiophene) . To a 
solution of 342.5 mg (1.02 nnnol) of the resultant 

5 con^sound of Bxasple 39A In CHjClj (8 mL) was added 
agueoiis sodium bicarbonate (2 mL) , solid sodium 
bicarbonate 257 mg (3.1 mmol) , and 5- (isoxazol-3-yl) - 
thiophenesxilfonyl chloride 254.2 mg, (1.02 mmol) . 
After 14 h, the resulting mixture was diluted with 

10 CHjClj* washed with saturated brine, dried over 

magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by flash chromatography using 
5% to 25% BtOAc/CH^Clj eluent and recrystallized from 
ether CHjCl, to provide 228.6 mg of the title product. 

15 (^)-NMR (caJClg) consistent with structure. 

B. Coinpound XXII (A - H, D' » isobutyi; E » 2-(5- 
isoxazoy- 3 - ly ) - thiopene , hydrochloride salt > . A 
solution of 228.6 mg (0.416 mmol) of the resiatant 
confound of Example 145A in EtOAc (15 mL) at -20«»C was 

20 treated with anhydrous HCl gas for 10 min. The ice 
bath was removed and after an additional is min, the 
reaction mixture was. sparged with nitrogen then 
concentrated in vacuo to provide 223.6 mg of title 
product as the HCl salt. TLC: Rf « 0.48, 10% 

25 methanol /CHjClj. 

C. Con5)ound 145. A solution of 78.5 mg of the 
resultant compound of Exan5>le 145B (0.162 mmol) in 
CHjClj (3 mL) was treated sequentially at ambient 
temperature mder an atmosphere of nitrogen with 0.07 

30 mL (0.408 mmol) diisopropylethylamine and 55.6 mg 

(0.243 mmol) of the resultant con^jound of Exan?)le 48A. 
The mixture was stirred 16 h and then concentrated 
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in vacuo. The residue was tcJcen up in CH^Cl^ and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
purified by preparative HPLC to yield 48.7 mg of the 
title product. TLC: Rf - 0.36, 25% BtAOc/CHjClj. HPLC: 
Rt = 15.2 min; (^H) -NMR (CDCI3) . consistent with 
structxire. 

Example 146 

A. Confound XXI (A » tert-butoxycarbonyl , D« = 
cydopentylmethyl, B - 4-acetainidophenyl) . To a 
solution of the resultant confound of Example 114B (300 
xng, 0.83 mmol) in CHjCl, (15 wL) was added 4- 
acetaaddobenzenesiilfonyl chloride (580 mg, 2.48 mmol) 
followed by the addition of a saturated solution of 

15 sodium bic2u±>onate (4 mL) and solid sodium biceurbonate 
(0.14 g, 1.67 mmol). The mixture was stirred at 
ambient ten^eratiire overnight. The solution was 
diluted with ISO mL CHjCl,, the organics separated, 
dried over anhydrous. MgSO^, and the organics 

20 concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CHjClj, followed by 
5:95 EtOAc/CHjClj, followed by 10:90 EtOAc/CHjClj 
solution to give 310 mg of the title compound as a 

25 white solid. TLC: Rf = 0.10, 3:97 methanol/CHjClj, 

HPLC: Rt = 15.96 min, (^H) -NMR (CDCI3) consistent with 
structure . 

B. Compound XXII (A = H, D' - cydopentylmethyl, E = 
4-acetamidophenyl, hydrochloride salt). To a solution 

30 of the resultant compound of Example 146A (210 mg, 0.38 
mmol) was added 30* w/w HCl in EtOAc (15 mL) . The 
mixture was stirred for 1 hour at ambient temperature. 
The solution was concentrated under reduced pressure to 
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give 180 mg of the title compound which was used 
without sxibsequent pxirif ication. TLC: Rf =■ 0.14, 
1:10:90 NH^OH/merhanol/CHgCla . 

C. Confound XXII (A - allyloxycarbonyl, D' » 
5 cyclopentylmethyl, B - 4-acetainidophenyl) . To a 

solution of the resultant con^jound of Bxao^le 146B (lOO 
mg, 0.20 n»nol) in CH^Clj (10 mL) was added triethylamine 
(0.1 mL, 0.72 mmol) , followed by allylchlorof ormate 
(0.04 mL, 0.3 mmol). The mixture wois stirred at 

10 ambient tenqoerature for 24 hours. The solution was 
diluted with 150 mL CHjClj, washed with water, dried 
over anhydrous l^SO^, and the organics concentrated 
under reduced pressure. The crude product was pxirified 
via medium pressure column chromatography using a 

IS gradient solvent system of CHjCl^, followed by it 99 

methanol/CHjjClj,, followed by 3:97 methanol /CHjClj as the 
solvent system to give 103 mg. Rf = 0.22, 3:97 
methanol/CHjClj, HPLC: Rt= 15.29 iin, (*H) -NMR (CDCI3) 
consistent with structure. 

Contpound 147. To a solution of the resultant 
coii?>ound of Exan?>le 146B (80 mg, 0.16 mmol) in 
CH2Cl2(5 mL) was added triethylamine (0:07 mL, 
0.48 mmol) , followed by slow addition over 3 hours of 
25 the resultcmt con5>ound of Example 82A (53 mg, 

0.19 mmol) as a solution in CHjClj (3 mL) . The mixture 
was stirred at ambient ten^jerature for 24 hours. The 
solution was diluted with 100 mL CHjClj washed with 
water, dried over anhydrous MgS04, and the organics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure column chromatography 
using a gradient solvent system of CHjClj, followed by 
1:99 methanol/CHjClj, followed by 2:98 methanol/CHjClj 
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as the solvent system to give 71.7 mg of the title 
conpoimd. Rf =• 6.06, 3:97 methanol /CH2Cl2» HPLC: Rt = 
12.61 min, (^H) -NMR (C2)Cl3) consistent with structure. 

5 A. Coo^jGiind XXII (A - tert-butoxycarbonyl, D' = 

cydopentylmethyl, B - phenyl) . A solution of 297 mg 
of the resultemt compoxind of Bxan^le 114B in 4:1 
CHjClj/saturated aqueous NaHCOg was treated 
seguentiaaiy, at ambient teoperature under an 

10 atmosphere of nitrogen, with 217 mg of benzenesulfonyl 
chloride and 103 mg of sodium bicarbonate. The mixture 
was stirred for 6 h, diluted with CHjClj, washed with 
saturated NaCl then dried over I^SO^, filtered, and 
concentrated in vacuo to yield 426 mg of the title 

15 product as a white solid. TLC: Rf = 0.32, 5% diethyl 
ether/CHjClj. ~ (^) -NMR (caDClj) consistent with 
structure . 

B. Caaspaxmd XXII (A - H, D- = cydopentylmethyl, E = 
phenyl, hydrochloride salt) . A solution of 400 mg of 

20 the resultant compound of Exaii?)le 148A in ethyl acetate 
was treated at -20»C with HCl gas for 20 min, during 
which time the tenperature was allowed to warm to 20'C. 
Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 349 mg of 

25 white solid which was used directly for the ensuing 
reaction. 

C. Con?>ound 148. A solution of 40 mg of the 
resxiltant conpound of Exan^jle 14 8B in CHjClj was added, 
at ambient ten?>erature under an atmosphere of nitrogen, 

30 to a solution of 31 mg of the resultant compound of 
Exan?>le 48A and 35 mg N,N-diisopropylethylamine in 
CHjClj. The mixture was stirred for 14 h, diluted with 
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CHjClj, washed with saturated NaHCOg any^ satiirated NaCl, 
then dried over MgSO^, filtered, and c ncentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 20% diethyl ether/CHjjClj 
5 as eluent to provide 45 mg of the title product as a 

white solid. TLC: Rf - 0.46, 20% liiethyl ether/CHjClj . 
HPLC: Rt - 15.78 min. (^) -NMR (CDCI3) consistent with 
structure. 

Example 149 

10 A. Con^jound XXII (A » tert-butoxycarbonyl, D* » 

cyclopentymethyl, E - 3-pyridyl) . To a solution of 
153 mg (0.422 mmol) of the restilteUit confound of 
^saanplB 114B in CHjClj (4 mL) was added aqueous sodium 
bicarbonate (1 mL) , solid sodiim bicarbonate 141.7 mg 

15 (1.69 mmol), and the resxiltant compound of Exaii?ile 144A 
156.1 mg. (0.879 mmol). After 14 h, the resulting 
mixture was diluted with CHgClj, washed with saturated 
bjrfjae, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 

20 flash chromatography using 20% to 40% EtOAc/CH2Cl2 

eluent to provide 64.7 mg of the title product. TLC; 
Rf = 0.24, 20% EtQAc/CHjClj. 

B. - Con?)ound XXII (A = tert-butoxycarbonyl, D' = 
cyclopentylmethyl, E » 3-pyridyl, hydrochloride salt) . 
25 A solution of 273.1 mg (0.572 mmol) of the resultant 

conpound of Exan?)le 149A in EtOAc (15 mL) at -20 "C was 
treated with anhydrous HCl gas for 10 min. The ice bath 
was removed and after an additional 15 min. , the 
reaction mixture was sparged with nitrogen then 
concentrated in vacuo. To a solution of the resulting 
residue in CHjClg (3 mL) was added, sequentially at 
ambient ten?)erature under an atmosphere of nitrogen, 
with 0.076 mL (0.437 mmol) diisopropylethylamine and 
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34.3 mg (0.150 mmol) of the resulteUit contpound of 
Bxan^jle 48A. The mixture was stirred for 16 h and then 
concentrated in vacuo. The residue was tadcen up in 
CH2CI2 and washed with saturated brine, dried over 
5 magnesitim sulfate, filtered, euid concentrated in vacuo. 
The residue was purified by low pressure silica gel 
column chromatography using a gradient 20% to 50% EtOAc 
in CHjClj eluent to yield 11.3 mg of the title product. 
TLC; Rf - 0.15 40% BtOAc/CH2Cl2 • HPLC: Rt - 13.7 min; 
10 (^H) NMR (CDCI3) consistent with structure. 

BxagPle 150 

A. 1-Piperidinesulfonyl chloride. A solution of 4 g 
of sulfuryl chloride in acetronitrile was treated 
dropwise with 861 mg of piperidine at ambient 
15 teinperature under an atmosphere of nitrogen. .After 
con^lete addition, the mixture was reflxixed for 18 h, 
cooled to room ten^jerature ajid concentrated in vacuo to 
yield the title product as a red oil. TLC: Rf » 0.86, 
CHjClj. {%)-NMR (CDClj) consistent with structure. 

20 B. Compound XXII (A = tert-butoxycarbonyl, D* = 

isobutyl, E = piperidinyl) . A solution of 73 mg of the 
resultant conpound of Example 39A in CH^Clj was treated 
sequentially, at ambient ten^jerature under an 
atmosphere of nitrogen, with 121 mg of the resultant 
25 conqaound of Exan^jle ISOA and 84 mg of N,N- 

diisopropylethylamine. The mixture was stirred for 14 
h, diluted with CH2CI2, washed with saturated NaCl then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjClj as eluent 
to provide 70 mg of the title product as a white solid. 
TLC: Rf = 0.21 (5% diethyl ether in CHjCl^) . HPLC: Rt = 
17.40 min. (^H)-NMR (CDCI3) consistent with structure. 
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C. Con^jound XXII (A ° H, D' = isobutyl, E = 
plperidlnyl , hydrochloride aalt) . A solution of 70 mg 
of the resultant confound of Bxanple 15 OB in ethyl 
acetate was treated at -20'C with HCl gas for 20 min 
5 during which time the temperature was allowed to warm 

to 20"C. Nitrogen wsis then bubbled through the mixture 
for 15 min cuid solvent removed in vacuo to yield a 
viscous oil which was used directly for the ensuing 
reaction. 

10 D. Conpound 150. A solution of the resultant 

conpound of Exaii?>le 150C in CHjClj was added, at ambient 
"temperature under an atmosphere of nitrogen, to a 
solution of 50 mg of the resultant compound of Example 
48A and 56 mig N,N-diisopropylethylamiine in CFj^ CI^, the 

15 mixture was stirred for 14 h, diluted with CH2CI2, 

washed i#ith saturated. NaHC03 saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CHjClj as eluent 

20 to provide IS mg of the title product as a white solid. 
TLC: Rf = 0.45, (0% diethyl ether/ CH^Clj. hplC: Rt = 
15.00 miin. (^H)-NMR (CDCI3) consistent with structure. 

A. Compound XXII (A = tert butoxycarbonyl , D' o 
25 cydopentylmethyl, E - 4-trifluormethoxyphenyl) . A 

solution of 71 mg of the resultant compound of Example 
114B in 4:1 CHjClj/saturated aqueous NaHCOg was treated 
sequentially, at amibient temperature under an 
atmiosphere of nitrogen, with 76 mg of 4- 
30 trifluoromiethoxybenzensulfonyl chloride and 25 mg of 
sodium bicarbonate. The miixture was stirred, 14 h, 
diluted with CH^Clj, washed with aatxirated NaCl then 
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dried aver MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5* diethyl ether/CHjCl, as eluent 
to provide 92 mg of the title product as a white solid. 
TLC: Rf = 0.34, 5* diethyl ether/ CH^Cl,. (^H) -NMR 
(CDCI3) consistent with structure. 

B. Coii?>ound XXII (A - H, D' - cyclopenty^methyl, E = 
4-trifluonnethoxyphenyl, hydrochloride salt) . A 
solution of 92 mg of the resultant confound of Exan?)le 
ISIA in ethyl acetate was treated at -20-C with HCl gas 
for 20 min, during which tijne the temperature was 
allowed to warm to 20"C. Nitrogen was then bubbled 
through the mixture for 15 min and solvent removed 

in vacuo to yield 83 mg of white solid which was used 
directly for the ensuing reaction. 

C. Conpound 151. A solution of 22 mg of the 
resultant confound of Bxan^le 151B in CH^Cl, was added, 
at ambient ten?,erature under an atmosphere of nitrogen 
to a solution of 15 mg of the resultant con?,ound of 
Exaii?>le 48A and 16 mg N,N.diisopropylethylamine in 
CHjClj. The mixture was stirred for 60 h, diluted with 
CH^Clj, washed with saturated NaHCOg and saturated NaCi 
then dried over MgSO^, filtered, and concentrated 

in vacuo. The residue was purified by low pressure 
Silica gel chromatography using 20% diethyl ether/ 
CH3CI2 as eluent to provide 23 mg of the title product 
as. a white solid. TLC: Rf - o.44, 20* diethyl 
ether/CH,Cl,. HPLC: Rt - 16.99 min. (^H) -NMR (CDCl ) 
consistent with structure, ^ 
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Bxajmle 152 

A. Con?>oTmd xxil (A = tert-butoxycarboayl, D' = 
isobutyl, E - 4-trifluonnethoxypheayl) . A solution of 
97 mg of the resultant confound of Earample 39A in 4:1 
CHjCl^/satxirated aqueous NclHCO, was treated 
sequentially, at ambient temperatiire imder an 
atmosphere of nitrogen, with 113 mg of 4- 
trifluoromethoxybezizenesulfonyl chloride and 36 mg of 
sodium bicarbonate. The mixture was stirred for 14 h, 
diluted with CHjClj, washed with saturated NaCl then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue Weis purified by low pressure silica gel 
chromatography xising 5% diethyl ether/CHjClj as eluent 
to provide 120 mg of the title product as a vrtiite 
solid. TLC: Rf = 0.34, S\ diethyl ether/CHjCl, . HPLC: 
Rt » 18.54 min. (^) -NMR (CDCI3) consistent with 
structure. 

B. Compound XXII (A « H, D« = isobutyl, B = 4- 
trifluormethoxyphenyl, hydrochloride salt). A solution 
of 100 mg of the resultant con?>ound of Exanple 152A in 
ethyl acetate was treated at -20«C with HCl gas for 

20 min, diiring which time the ten^erature was allowed 
to warm to 20°C. Nitrogen was then bubbled through the 
mixture for 15 min and solvent removed in vacuo to 
yield 89 mg of white solid which was used directly for 
ensuing reaction. 

C. Con5>o\md 152. A solution of 41 mg of the 
resultant compoimd of Exan^jle 152B in CHjClj was added, 
at ambient ten^ierature under the atmosphere of 
nigrogen, to a solution of 28 mg of the resultant 
coii?>ound of Exanple 48A euid 32 mg N,N- 
diisopropylethylamine in CHjClj. The mixture was 
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stirred 14 h, diluted with CHjClj, waiahed with saturated 
NaHCOj and saturated NaCl, then dried over MgSO^, 
filtered, cuid concentrated in vacuo. The residue was 
purified by low pressure silica gel chromathography 
5 using 5% diethyl ether/CHjClj as eluent to provide 30 mg 
of the title product as white solid. TLC: Rf - o.08 

(5% diethyl ether/CHjClj) . HPLC: Rt = 16.52 min. 

(^)-NMR (CTClg) consistent with structure. 

^0 Compound XXII (A = tert-butoxycarbonyl, D» = 

isobutyl, E = 4-inethoxyphenyl) . To a solution of the 
resiatant compound of Example 39A (600 ing, 1.77 nnnol) 
in CHjClj (10 mL) was added 4-methoxyben2enesulfonyl 
chloride (0.55 g. 2.66 mmol) followed by the addition 

15 of a saturated solution of sodium bicarbonate (3, mL) 
and 0.30 g of solid sodium bicarbonate. The mixture 
was stirred at ambient teii?)erature overnight. The 
solution was diluted with 200 mL CHjClj, the organics 
were separated, dried over anhydrous MgSO^, and the 

20 organics concentrated under reduced pressure. The 

crude product was purified via medium pressure liquid 
chromatography using a gradient solvent system of 
CH2CI2 followed by 5:95 ether/CHjClj solution to give 
630 mg of the title compound as a white solid. TLC: Rf 

25 = 0.48, 3:97 methanol/CH2Cl2. (%)-NMR (CDCI3) 
consistent with structxire. 



30 



B. Con?3ound XXII (A = H, D- = isobutyl, E = 4- 
methoxyphenyl, hydrochloride salt) . To a solution of 
the resultant coa?)ovind of Exan?)le 153A (0.63 g, 
1.24 mmol) in EtAc (5 mL) was added 30* w/w HCl in 
EtOAc (5 mL. ) The mixture was stirred for 6 hours 
ambient ten5)erature . The solution was concentrated 
under reduced pressure to give 0.59 g of a white solid 
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which was used directly for subsequent reaction. TLC 
Rf " 0.12, 3:97 miethanol/CHjClj. 

C. Ccii?)ound XXII (A » (3-pyridyl) -methyloxycarbonyl, 
D« a isobutyl, E = 4-inetho3^henyl) . To a solution of 
the resultant confound of Escas^le 153B (100 mg, 
0.23 nanol) in CH2CI2 (5 mL) was added triethylamine 
(0.1 mL, 0.72 mmol) followed by slow addition over 
3 hours of the resxzltant conpound of Bxanqple 82A 
(75 mg, 0.27 mmoD 'as a solution in CH2CI2 (5 mL) . The 
mixture w£is stirred at ambient ten^eirature for 
24 hours. The orgeuiics was concentrated under reduced 
pressure and the crude product was purified via medixim 
pressure column chromatography using a gradient solvent 
system of CH2CI2, followed by 1:99 methanol/CHjClj, 
followed by 3:97 methanol/c:H2Cl2 as the solvent system 
to give 49.3 mg of the title con?jound. Rf a 0.33, 3:97 
methanol/CHjClj. HPLC: Rt - 13.18 min, (!h) -NMR (CDCI3) 
consistent with structure. 

Bxamole l^A 

20 Coii?)ound 154. To a solution of the resultant compound 
of Eacan^jle 153B (100 mg, 0.20 xmnol) in CHjClj (5 mL) 
was added triethylamine (0.25 mL, 1.8 mmol) followed by 
allylchlorof ornate (0.1 mL, 0.94 mmol). The mixture 
was stirred at ambient ten?>erature for 24 hours. The 

25 solution was concentrated under reduced pressure and 
the crude product purified via medium pressure column 
chromatography using a gradient solvent system of 
CH2CI2, followed by 1:99 methanol/CH2Cl2 as the solvent 
system to give 94 mg of the title compound. Rf , o.71, 

30 3:97 methanol /CH2CI2. HPLC : Rt = IS. 12 min, (^H) -NMR ' 
(CDClg) consistent with structure. 
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Bxamnle 155 

A . N- hydroxysuc ciaimidy 1 - 1 - me tho^^ropane -3- 
carbonate. A solution of 355 mg of 2 -methylene- 1,3- 
propanedlol in acetonitrile (30 mL) was added 
sequentially, at ambient teii?>erat\ire, 65 mg of sodium 
hydride and 0.25 mL iodomethane. The mixture was 
stirred for 12 h and concentrated in vacuo. The 
residue was then taken up in 15 mL of acetonitrile amd 
treated sequentially, at ambient tenqperature under am 
atmosphere of nitrogen, with 1.3 g of N,N- 
disuccinimidyl carbonate and 1.6 mL of triethylamine . 
After stirring for 14 h, the reaction mixtxire wsis 
concentrated in vacuo and the residue was diluted 
CH2Cl2# washed with saturated sodium bicarbonate 
IS solution and saturated brine, dried over magnesium 
siilfate, filtered and 'concentrated in vacuo. The 
residue was purified by silica gel chromatography with 
EtOAc as eluant to give 95 mg of the title conpound. 
{^H)-NMR (CDCI3) consistent with structure. 

20 B. Compound 155. A solution of 0.056 mmol of the 

resultant con^jound of Exaaqple 4 OA weis reacted with the 
resultant compound of Exan?)le 155A in the manner 
described in Exan?)le 132. After concentration of the 
mixtiire in vacuo and workup, the residue, was purified 

25 by thick layer silica gel chromatography using 7* 

MeOH/CH2Cl2 as eluant followed by preparative reversed- 
phase using a linear gradient of 35* to 100* 

CH3CN/H2O with 0.1% TFA as eluant to obtain 3.7 mg of 
the title coii?)OUnd. TLC: Rf = 0.45, 7% MeOH/CSIjClg. 

30 HPLC: Rt = 13.78 min. 

Examplg Tyff 

A. l-acetylindoline-5-sulfonyl chloride. A 1.02 g 
portion of l-acetylindoline was treated with 2 mL of 
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chlorostilfonic acid at 0**C. The mixture was heated at 
eo^C for 2 h, then treated with crushed ic , filtered 
and dried to give 1.3 g of the title compound which was 
used directly for subsequent reaction. TLC: Rf = 0.18, 
50% EtOAc/hexane. (^H)-NMR (CDCI3) consistent with 
structxire. 

B. Compound XXII (A - tert-butoxycarbonyl, D« = 
. cyciopentylmethyl, E - 5- (N- acetyl ) -indoline) . To a 
solution of 60 xng of the resultant conpoimd of 
Bxaaple 114B in 15 mL of CH2CI2 was added (5 mL) 
saturated acjueous sodium bicarbonate solution, 50.0 mg 
sodium bicarbonate r and 60 mg of the resultant confound 
of Example 156A. After 4 h, the resulting mixture was 
diluted with CH2CI2, washed with saturated brine, dried 
15 over magnesium sulfate and filtered. The mixture was 
then concentrated in vacuo to give the desired product 
which was tised directly for subsequent reastion. 
(^H)-NMR (CDCI3) consistent with structure - 



10 



20 



C. Compound 156. A solution of 37 mg of the 
res\iltant con?jound of Exanple 156B in EtOAc (15 mL) at 
0« C was treated with cmhydrous hydrogen chloride gas 
for 10 min. , and allowed to stand for 12 h while 
warming to ambient tenqperature. This crude material 
was then reacted with allyl chlorof ormate in the manner 
25 described in Exanqple 87B. After concentration of the 
mixture in vacuo and worlcup, the residue was purified 
by thick layer silica gel chromatography using 7% 
MeOH/CHjClj as eluant followed by preparative reversed- 
phase C-iQ HPLC using a linear gradient of 35% to 100% 
30 CH3CN/H2O with 0.1% TFA as eluant to obtain 10.5 mg of 
the title con?)ound. TLC: Rf » 0.75, 10% MeOH/CH2Cl2. 
HPLC: Rt = 15.78 min; {^H).NMR (CDCL3) consistent with 
structure . 
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Py^TTtpI o 157 

Conpoiind 157. A solution o£ 37 mg of the 
resultcuit compound o£ Exanple 156B in EtOAc (15 mL) at 
0^ C was treated with anhydrous hydrogen chloride gas 
for 10 min. , and allowed to stand for 12 h while 
warming to ambient temperature. This crude material 
was t he n reacted with the resultant compotind of Example 
48A in the manner described in Example 88. After 
concentration of the mixture in vacuo, the residue was 
purified by preparative reversed-phase C^g HPLC using a 
linear gradient of 35% to 100% CH3ai/H20 with 0.1% TFA 
as eluant to obtain 17.9 mg of the title compound. 
TLC: Rf - 0.6, 10% MeOH/CH2Cl2. HPLC: Rt » 14.68 
min; (^H)-NMR (CDCL3) consistent with structxire. 

gxample 15B 

A. Compotmd XXII (A « tert-butoxycarbonyl, D» » 
cyclohexylmethyl, E « H) . To a solution of compound XX 
(A s Boc) (5.0 mmol) in ethanol (20 mL) was added 
cyclohexylmethylamine (3.25 mL, 2.83 mmol) and the 
mixture was stirred for 3 hours at ambient temperature. 
The solution was filtered and concentrated under 
reduced pressure to give 1.49 g of a white solid which 
was used directly for subsequent reaction. TLC: Rf « 
0.14, 3:97 methanol /CHjClj. (^H)-NMR (CHDClg) consistent 
with structure. 

B. Conqpound XXII (A = tert-butoxycarbonyl, D» « 
cyclohexylmethyl, E o 4-methoxyphenyl) . To a solution 
of the resultcmt confound of Exanqple 158A (400 mg, 1.06 
mmol) in CH2CI2 (10 mL) was added 4- 
methoxybenzenesulfonyl chloride (0.66 g, 3.1 mmol) 
followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
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bicarbonate. The mixture was stirred at ambient 
teii?>eratnre overnight. The solution was diluted with 
200 mL CH2CI2, the organics separated, dried over 
anhydrous MgSO^, and the organics concentrated under 
5 reduced pressure. The crude product was purified via 
me d ium pressure liquid chromatography using CH2CI2, 
followed by 1:99 methanol/CH2Cl2 as the solvent system 
to give 340 mg of the title -compound as a white solid. 
TLC: Rf - 0.39, 3:97 methanol/CH2Cl2, (^H) -NMR (CDCL3) 
10 consistent with structure. 

Con5)ound XXI (A » H, D' « cyclohexylmethyl , E = 4- 
methoxyphenyl , hydrochloride salt). To a solution of 
the resultant compoimd of Example 158B (0.34 g, 0.62 
mmol) in EtOAc (10 mL) was added 30% w/w HCl in EtOAc 
IS (5 mL) . The mixture was stirred for 3 hours at ambient 
temperature. The solution -was concentrated under 
reduced pressure to give 0.3 g of a white solid which, 
was used directly for subsequent reaction. TLC: Rf = 
0.12, 3:97 methanol /CH2CI2. 

20 D. Conqpotmd 158. To a solution of the resultant 

compoxind of Exar^le 158C (100 mg, 0.21 mmol) in CH2CI2 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed, by the resultant compound of Exanple 48A (71 
mg, 0.31 mmol). The mixture was stirred at ambient 

25 ten?)erature for S hours. The solution was diluted with 
CH2Cl2f (200 mL) washed with a saturated solution of 
sodium bicarbonate (30 mL) , the organics separated, 
dried over anhydrous MgS04 concentrated under 
reduced pressure and the crude product purified via 

30 medium pressure column chromatography using a gradient 
solvent system of CH2CI2 followed by 10:90 EtOAc/CH2Cl2 
as the solvent system to give 84.9 mg of the title 
compound. TLC: Rf « 0.48, 3:97 methanol/CH2Cl2, HPLC: 
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Rt = 16.35 min; (^H)-NMR (CDCI3) consistent with 
structure . 



A. Con^joimd XXII (A » tert-buto:^carbonyl, D' = 
5 cyclohexylmethyl, E - 4-fluorophenyl) . To a solution 

of the resultant con?>oxind of Bxan^le 158A (400 mg, i.os 
nmol) in CHjClj (10 mL) was added 4- 
fluorobenzenesulfonyl chloride (0.62 g, 3.2 mmol) 
followed by addition of a saturated solution of sodium 

10 bicarbonate (3 mL) and 0.18 g of solid sodium 

bicarbonate. The mixttire was stirred at ambient 
ten^jerature overnight. The solution was diluted with 
200 mL CHjClj, the organics separated, dried over 
anhydrous MgS04, the organics concentrated under 

15 reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using CHjcij 
followed by 1:99 methanol/CHjClj solution as the 
solvent system to give 280 mg of a white solid. TLC: 
Rf « 0.47, 3:97 methanol/CHjClj, (^H)-NMR (CDCI3) 

20 consistent with structure. 



B. Compound XXII (A - H, D- = cyclohexylmethyl, E « 
4-fluorophenyl, hydrochloride salt) . To a solution of 
the resultant compound of Bxanple 159A (0.28 g, 0.52 
mmol) was added 30% w/w HCl in EtOAc (10 mL) . The 

25 mixture was stirred for 3 hours at ambient tenperature . 
The solution was concentrated under reduced pressure to 
give 0.23 g of a white solid which was used directly 
for subsequent reaction. TLC: Rf » 0.13, (3:9? 
methanol/CHjClj, (^H)-NMR (CDCL3) consistent with 

30 structure. 



C. Compound 159. To a solution of the resultant 
confound of Example 159C (100 mg, 0.21 mmol) in CHjClj 
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(8 xnL) was added triethylamine (0.2 xnL, 1.44 mmol) 
followed by the resultant ccopotind of Example 48A (73 
mg, 0.32 mmol) . The mixture was stirred at ambient 
tenqperature for 6 hours. The solution was diluted with 
5 CHjClj, (200 mL) washed with saturated solution of 

sodium bicarbonate (30 mL) , dried over anhydrous MgSO^, 
the organics concentrated under reduced pressure a^ d 
the crude product purified via medium pressure column 
chromatography using a grzulient solvent system of 
10 CHjClj, followed by 10:90 EtOAc/CHjClj as the solvent 
system to give 54 mg of the title campmmd. TLC: Rf = 
0.46, 3:97 methanol/CHjClj, HPLC: Rt - 16.48 min; (^H)- 
NMR (CDCLg) consistent with structure. 

Bxample 160 

IS A. Compound XXII (A-« tert-but03^carbonyl, D' = 
cydohexylmethyl, B - 4-acetamidophenyl) . To a 
solution of the resultant confound of Bxasple 158A (400 
mg, 1.06 mmol) in CHjClj (10 mL) was added 4- 
acetamidobenzenesulfonyl chloride (0.75 g, 3.2 mmol) 

20 followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
bicarbonate. The mixture was stirred at ambient 
temperature overnight. The solution was diluted with 
200 mL CHjClj, the organics separated, dried over 

25 anhydrous MgS04, and the organics concentrated under 
reduced pressure. The crude product wjas purified via 
medium pressure liquid chromatography using CH2CI2, 
followed by 1:99 methanol /CHjClj and 2:98 
methanol/CHjClg as the solvent system to give 290 mg of 

30 the title confound as a white solid. TLC: Rf = o.i4, 
3:97 methanol/CH2Cl2, ('h)-NMR (CDCI3) consistent with 
structure. 
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B, Compoiind XXII (A « H, D' = cyclohexylmethyl , E o 
4-acetaiaidophenyl, hydrochloride salt) . To the 
resultant compoiiiid of Example 160A (0.29 g, 0.51 znznol) 
was added 30% w/w HCl in EtOAc (10 xnL) • The znixtnre 
5 was stirred for 3 hours at ambient temperature. The 
solution was concentrated iinder reduced pressure to 
give 0.28 g of a white solid which was used directly 
for stibsequent reaction. TLC: Rf = 0.10, 3:97 
methanol /CH2CI2 • 

10 C. Compound 160. To a solution of the resultant 

compound of Example 160B (100 mg, 0.20 mmol) in CHjClg 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed by the resultant conpound of Bxanple 48A (67 
mg, 0.30 mmol) . The mixture was stirred at ambient 

15 ten5)erature for 6 hours. The solution was diluted with 
CH2CI2, (200 mL) washed with saturated solution of 
sodium bicarbonate (30 mL) , dried over anhydrous MgSO^, 
the orgamics concentrated under reduced pressure and 
the crude product purified via mediiim pressure column 

20 chromatography using a gradient solvent system of 
CH2CI2, followed by 10:90 EtOAc/CH2Cl2, followed by 
20:80 EtOAc/CH2Cl2 as the solvent system to give 56.8 
mg of a white solid. TLC: Rf = 0.17, 3:97 
methanol/CH2Cl2, HPLC: Rt = 14.65 min; (^H)-NMR (CDCI3) 

25 consistent with structure. 

A. 4-Morpholinesulfonyl chloride. A solution of 4.6 
g of sulfuryl chloride in acetonitrile was treated 
dropwise with 996 mg of morpholine at ambient 
30 ten5)erature under an atmosphere of nitrogen. After 
coit5)lete addition, the mixture was refliixed for 16 h, 
cooled to room ten?)erature, and concentrated in vacuo 
to yield the title product as a red oil. TLC: Rf = 
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0.65 CHjClj. (^H)-NMR (CDCI3) consistent with 
structiure . 

B. Compound ZZII (A-tert-butoxycarbonyl, D' = 
isobutyl, B » morpholinyl) . A solution of 98 mg of the 
resultant compound, of Bxaiq)le 39A in 4:1 
CHjClj/saturated aqueous NaHCOg was treated 
sequentially, at asibient temperature under an 
atmosphere of nitrogen, with 270 mg of the resultant 
coii?)ound of Bxas^le 161A and 122 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using CHjClj as 
eluent followed by preparative HPLC to provide 22 mg of 
the title product as an oily solid. TLC: Rf = 0,46, 
20% diethyl ether/CHjClj . HPLC: Rt = 15.50 min. 
(^H)-NMR (CDCI3) consistent with structure. 

C. Con5>ound XXII (A = H, D" = isobutyl, E = 
morpholinyl, hydrochloride salt). A solution of 22 mg 
of the resultant con?)oxind of Example 161B in ethyl 
acetate was treated at -20«C. Nitrogen was then 
bubbled through the mixture for 15 min and solvent 
removed in vacuo to yield an oily semi- solid mass which 
was used directly for the ensuing reaction. 

D. Confound 161. A solution of the resultant 
con?>ound of Example 161C in CH2CI2 was added, at ambient 
ten^jerature under an atmosphere of nitrogen, to a 
solution of 16 mg of the resultant con?)o\and of Exanple 
48A and 18 mg N,N-diisopropylethylamine in CHjClj. The 
mixture was stirred for 14 h, diluted with CHjCl^, 
washed and saturated with NaHCOj and saturated NaCl, 
then dried over MgSO^, filtered, and concentrated 
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in vacuo. The residue was purified by preparative HPLC 
to provide 21 mg of the title product as an oily solid. 
TLC: Rf » 0.22, 20% diethyl ether/CHjClj . HPLC: Rt = 
13.01 min. (^H)-NMR (CDCI3) consistent with structure. 

EJcample 162 

Ccnpound 162. A solution of 30 mg of the 
resultant compound of Bxan^jle 166A was deprotected with 
hydrogen chloride gas and the resultant con^jound was 
reacted with the resultant compound of E3can?)le ISSA in 
the manner described in Bxasple 155B. After 
concentration of the mixture in vacuo aind workup, the 
residue was purified by thick layer silica gel 
chromatography using 5% MeOH/CHjClj as eluant, followed 
by preparative reversed-phase C,g HPLC using a linear 
gradient of 35% to 106% CHgCN/Hj) with 0.1% TFA as 
eluant to obtain 6.2 mg of the title con?)ound. TLC: Rf 
- 0.65,. 5% MeOH/CHjGlj. HPLC: Rt - 15.93 min (^H)-NMR 
(CDCI3) consistent with structure. 

^° Coapound 163. A 120.3 mg portion of the 

resultant compound of Example 1S3B was reacted with the 
resultant confound of Exan^ile 82A as described in 
Bxaii?>le 82B. After workup and concentration in vacuo, 
the residue was purified by low pressure silica gel 

25 column chromatography using 50% EtOAc in CHjClj eluent, 
followed by preparative reversed-phase C^g HPLC using a 
linear gradient of 40% to 100% acetonitrile/water for 
elution to obtain 44.3 mg of the title con?>ound. TLC: 
Rf - 0.18, 50% EtOAc/CHjClj. HPLC: Rt=13.13 min; (^H) 

30 NMR (CDCI3) consistent with structure. 
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Examnle IfiA 



A. N-hydroxysucciaimidyl. (2-phenyl) ethyl carbonate 

A solution of 306 mg of phenethyl alcohol and 535 mg of 
N.N'-disuccinimidyl carbonate in acetonitrile was 
treated, at ambient ten^jerature under an atmosphere of 
nitrogen, with 810 mg of N^N-diisopropylethylamine. 
The mixture was stirred for 60 h and concentrated 
in vacuo. The residue was taken up in ethyl acetate • 
and washed with saturated NaHCOg, saturated Nad, then 
dried over MgSO^, filtered, and concentrated in vacuo 
to yield the title product as a yellow oil. tLC- Rf - 
0.40 (5% methanol in CHjClj) . (^H) -NMR (CDCi,) 
consistent with structure. 

B. Compound 164. A solution of 81 mg of the 
resultant confound of Bxan^Jle 164A in CH^Cl, was- added 
at ambient tenperature under an atmosphere of nitrogen', 
to a solution Of 41 mg of the resultant confound of 
exaa?,le 40a and 45 mg N,N-diisoprbpylethylainine in 
«2Cl2- The mixture was stirred for 4 h, diluted with 
^Cl2, washed with saturated NaHCOg and saturated NaCl, 
then dried over MgSO^, filtered, and concentrated in 
vacuo, jhe residue was subjected to preparative HPLC 
to yield 18 mg Of the title product. TLC: Rf » o 83 
(5:10:85 NH.H/CHgOH/CH^Cl^) . HPLC: Rt - 15.78 min'. 

( H).NMR (CDCI3) consistent with structure. 

Compound 165. A solution of 36 mg of the 
resultant conpound of Exaii?)le SID in 4:i 
CHjClj/saturated aqueous NaHCOj was treated 
sequentially, at ambient ten?,erature under an 
atmosphere of nitrogen, with 20 mg of p-toluenesulfonyl 
Chloride and is mg of sodium bicarbonate. The mixture 
was stirred for 3 h, diluted with CH,C1„ washed with 
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IS 



saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressiire silica gel chromatography using s% diethyl 
ether/CHjClj as eluent to provide 38 mg of the title 
product as a white solid. TLC: Rf - o.lS, 5% diethyl 
ether/CHjCl,. HPLC: Rt = 15.27 min. (^H) -NMR (CDCI3) 
consistent with structure. 

A. Compound XXll (A - tert-butoxycarbonyl, D- = 
cyclopentylmethyl, e - 4.methoacyphenyl) . To . a solution 
of the resultant compound of Exanple 114B (1.8 g, 4.96 
aanol) in CHjClj (10 mL) was added 4- 
methoxylbenzensulfonyl chloride (2.10 g, 9.93 mmol) 
followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.83 g of solid sodium 
bicarbonate. The mixture was stirred at ambient' 
teii5)erature for 24 hours. The solution was diluted 
with 200 mL CH2CI2, the organics were separated, dried 
over anhydrous MgSO^, and concentrated under reduced 

20 pressure. The crude product was purified via medium 
pressure liquid chromatography using CHjCl,, followed 
by 1:99 methanol/CHjClj followed by 2:98 
methanol/CHjClj as the solvent system to give 1.49 g of 
the title con^jound as a white solid. TLC- Rf = 0 37 

25 3:97 methanol/CHjClj; Ok) -mm (CDCI3) consistent 'with 
Structure. 

B. Confound XXII (a - H, D- -cyclopentylmethyl, E - 4- 
hydroxyphenyl) . a solution of the resultant coit?,ound 
of BxamplB I66A (1.11 g, 2. 08 mmol) in CH^Cl, (20 mL) 

30 was added to a solution of boron tribromide in CH,C1, 
(1-0 M, 10.4 mL) . The mixture was stirred at ambient 
temperature for 24 hours. The solution was poured onto 
40 mL of a saturated solution of sodium bicarbonate 
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The aqueous layer was extracted with 250 mL CH2CI2 
followed by extraction with 250 mL EtOAc. The combined 
organics were dried over anhydrous MgS04, concentrated 
under reduced pressure and the crude product purified 
5 via medium pressure colximn chromatography xising a 
gradient solvent system of CH2CI2, followed by 1:99 
methanol/CH2Cl2' followed by 9:98 methanol/CH2Cl2, 
followed by a 1:5:95 concentrated NH40H/methanol/CH2Cl2 
solution as. the solvent system to give 0.38 g of the 
10 title conqpound. TLC: Rf « 0.18, .3:97 methanol /CH2Cl2» 
('h)-NMR {CDCI3) consistent with structure. 

C. Confound 166. To a solution of the resultant 
compound of Exanple 166B (300 mg, 0.69 mmol) in CH2CI2 
(5 mL) was added triethylamine (0.12 mL, 8.6 mmol), 

15 followed by slow addition over 3 hours of the resultant 
conqpound of Example 82A (0.21 g, 0.77 mmol) as a 
solution in CH2CI2 (5 mL) . The mixture was stirred at 
ambient temperature for 24 hours. The solution was 
diluted with 250 mL CH2CI2, washed with water, dried 

20 over anhydrous MgS04, and the organics concentrated 

xmder reduced pressure. The crude product was purified 
via medium pressure column chromatography using a 
gradient solvent system of CH2CI2 followed by 1:99 
methanol /CH2CI2, followed by 2:98 methanol /CH2CI2 as the 

25 solvent system to give 110 mg of a white solid, TLC: 

Rf » 0.14 (3:97 methanol/CH2Cl2) , HPLC: Rt - 12.69 min, 
{^H)-NMR (CDCI3) consistent with structure. 

Example 167 

Coit^jound 167. A solution of 102 mg of the 
30 resultant conqpound of Exan^jle 51D in 4:1 

CHjClj/saturated aqueous NaHCOg was treated 
sequentiailly, at ambient ten5)erature luider am 
atmosphere of nitrogen, with 65 mg of p- 
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nitrobenzenesulfonyl chloride and 51 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH^Cljj, washed with saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo* The 
5 residue was pxirif ied by low pressvire silica gel 

chromatography using 20% diethyl ether/CHjCl^ as eluent 
to provide 124 mg of the title product as a white 
solid. TLC: Rf » 0.36, 20% diethyl ether/GH^Cl^. HPLC: 
Rt - 15.15 min. (^) -NMR (CDCI3) consistent with 
10 structure. 

Conpound 168. A solution of 124 mg of the 
resultant con5)ound of Exanple 167 in ethyl acetate was 
treated, at ambient temperature, with 13 mg of 10% 

15 palladium on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, and concentrated in vacuo. The 
residue was subjected to preparative HPLC to yield 82 
mg of the title product as a white solid. TLC: Rf = 

20 0.10, 20% ether/CHjClj. HPLC: Rt = 13.16 min. (^H) -NMR 
{CDCI3) consistent with structure. 

Example 169 

Compoimd 169. To a solution of the resultcmt 
con?)ound of Exan5)le 166B (80 mg, 0.18 mmol) in CH2CI2 

25 (15 mL) was added a saturated solution of sodium 

bicarbonate (5 mL) followed by the addition of the 
resultant con^jound of Example 48A (55 mg, 0.24 mmol). 
The mixture was stirred at ambient temperature for 5 
hours. The solution was diluted with 200 mL CH2CI2, 

30 the organics separated, dried over cuihydrous MgSO^, and 
concentrated under reduced pressure. The crude product 
was piirif ied via medium pressure liquid chromatography 
using CH2CI2, followed by 1:99 methanol /CH2CI 2 as the 
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solvent system to give 56 mg of the title conqpound as a 
white solid. TLC: Rf « 0.24, 3:97 methanol/C:H2Cl2 , 
HPLC: Rt = 14.29 xnin. {^H)-NMR (CDCI3) consistent with 
structtire. 

5 Example 170 

A. Coxnpoxmd XXII (A « tert-butoxycarbonyl, D' » 
cyclopentylmethyl, B » 4,nitrophenyl) . To a solution 
of the resultant confound of Bxaii^>le 114B (250 mg, 
0.69 xtsnol) in CH2CI2 (15 mL) was added a saturated 

10 solution of sodium bicarbonate (5 mL) followed by solid 
sodium bicarbonate (0.12 g, 1.37 mmol) and 4- 
nitrobenzenstilfonyl chloride (200 mg, 0.9 nanol) . The 
iaixture was stirred at ambient temperature for 24 
hours. The solution was diluted with 200 mL CH2CI2, 

IS the organics separated, dried over anhydrous MgSO^, g nri 
concentrated under reduced pressure. The crude product 
was purified via medium. pressure liquid .chromatography 
using a gradient solvent system of CH2CI2 followed by 
1:99 methanol/CH2Cl2 to give 360 mg of the title 

20 compound as an orange solid. TLC: Rf « 0.45, 3:97 
methanol/CH2Cl2. (^H) -NMR {CDCI3) consistent with 
structure. 



B. Caii5)ound XXII (A « H, D» « cyclopentylmethyl, E- 
4-nitrophenyl, hydrochloride salt). To the resultant 
coii?>ound of Exair5)le 170A (360 mg, 0.66 mmol) was added 
10% w/w HCl in EtOAc (15 mL) . The mixture was stirred 
for 3 hours at ambient temperature. The solution was 
concentrated under reduced pressure to give 310 mg of 
the title con?)ound as an oreuage solid which was used 
directly for subsequent reaction. TLC: Rf = 0.70, 
1:10:90 NH40H/methanol/CH2Cl2. 
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C. Compoxmd 170. To a solution of the resultant 
con?)ound of Bxample 170B (310 mg, 0.64 nnnol) in CHjCl 
(IS mL) was added a saturated solution of sodium 
bicarbonate (5 mL) followed by the addition of solid 
5 sodium bicarbonate (O.ll g, 1.3 mmol) and the resultant 
con?)ound of Bxanqple 48A (0.18 g, 0.77 nnnol) . The 
mixture was stirred at ambient ten?)erature for 24 
hours. The solution was diluted with ISO mL CH-Cl-, 
the orgaaics separated, dried over anhydrous MgSO./aad 

10 concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using CH2CI2, followed by 1:99 methanol /CHjCl, as the 
solvent system to give 0.32 g of the title confound as 
a white solid. TLCt Rf . o.28, 3:97 methanol/CH,Cl, 

IS HPLC: Rt = 16.06 min, (^H) -NMR (CDCI3) consisted wf^ 
structure. 

Examalt* ;171 

Campomxd 171. a solution of the resultant 
con^jound of acan?,le 170C (0.19 g, o.34 mmol) in EtOAc 
(10 mL) was treated at ambient ten^jerature with 50 mg 
of 10% palladium on carbon and hydrogeaated for 72 
hours under a slight positive pressure of hydi^ogen 
The mixture was filtered and concentrated in vacuo 'and 
the crude product purified via medium pressure liquid 
chromatography using CH2CI2. followed by 1:99 
methanol/CHjClj, followed by 3:97 methanol/CH-Cl, 
followed by 10:90 methanol/CH^Cl^ as the solvent system 
to give 97 mg of the title compound as a white solid 
TLC: Rf = 0.25, 3:97 methanol /CH^Cl^, HPLC: Rt = 14.28 
min, ( H)-NMR (CDCI3) consistent with structure. 

Exanmlf* 17? 

A. Con^jound XXII (A=tert-butoxycarbonyl 
D'=cyclopentylmethyl, E=2, 4-dinitrophenyl)' . To a 
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s lution of the reaulteuit coii?)ouiid of Sxanple 114B 
(500 mg, 1.38 mmol) in CH2CI2 (IS mL) wsua added a 
saturated solution of aodlxjm biccurbonate (5 mL) 
followed by solid sodium bicarbonate (0.23 g, 
5 2.76 mmol) and 2,4-dinitrobenzeneaulfonyl chloride 
(440 mg, 1.65 mmol) . The mixture was stirred at 
ambient ten^jerature for 2 hotirs. The solution ttas 
diluted with 200 mL CHjClj, the organics separated, 
dried over anhydrous M&SO4, and concentrated under 

10 reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using a gradient 
solvent system of CHjClj, followed by 1:99 
methanol/CHjClj to give 700 mg of the title compound as 
a^ brown solid. TLC: Rf » 0.48, 3:97 methanol/CHjClj 

15 ( H) -NMR (C3)Cl3) , consistent with structure. 
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B. Compound XXII (M, D' ocyclopentylmethyl, E-2,4- 
dinitrophenyl, hydrochloride salt) . To a the resultant 
compound of Example 172A (700 mg, i.ia mmol) was added 
10* w/w HCl in EtOAc (20 mL) . The mixture was stirred 
for 3 hours at ambient ten?jerature . The solution was 
concentrated under reduced pressure to give 590 mg of 
the title con?)ound as a brown solid which was used 
without subsequent purification. TLC: Rf = 0.55, 
1:10:90 NH^OH/methanol/CHjClj . 

25 c. Compound 172. To a solution of the resultant 

confound of 172B (590 mg, i.ii mmol) in CHjClj (15 mL) 
was added a saturated solution of sodium bicarbonate 
(5 mL), followed by solid sodium bicarbonate (0.19 g, 
2.2 mmol) and the resultant compound of Example 48A 
(0.31 g, 1.3 mmol). The mixture was stirred at ambient 
ten?)erature for 24 hours. The solution was diluted 
with 150 mL CHjClj, the organics separated, dried over 
anhydrous MgS04, and the organics concentrated under 
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reduced pressure. The crude product was purified via 
mediim pressure liquid chromatography using a 
CH3OH/CH2CI2 gradient as eluant, to yield the product as 
0.59 g of a white solid. HPLC: Rt = 16.36 min, {^H>- 
NMR (CDCI3) consistent with structxire. 

Example 173 

Confound 173. A solution of the resultant 
ccaupawad of Example 172C (0.20 g, 0.33 mmol) in EtOAc 
(10 mL) was treated under ambient tenqaerature with 
50 mg of 10% pcaiadiim on Ccurbon and hydrogenated for 
72 hours under a slight positive pressure of hydrogen. 
The mixture was filtered and concentrated in vacuo and 
the crude product purified via medium presstire liquid 
chromatography using CH2Cl2» followed by 1:99 
methanol/CHjClj, 3:97 methanol/CHjClj, and 10:90 
methanol/CHjClj as the solvent system to give 120.2 mg 
of the title compound as a light brown solid. TI,C: Rf 
=^0.17, 3:97 methanol/CHjClj, HPLC: Rt - 13.47 min, 
( H)-NMR (CDCI3) consistent with structure. 

^° Eacainple 174 

A. 4-Benzyloxybenzenesulfonyl chloride. To 0.87 g of 
dimethylformamide, at 0 "C under an atmosphere of 
nitrogen, was added 1.61 g of sulfuryl chloride. The 
mixture was stirred for 15 min and treated with 2.00 g 
25 of benzyl phenyl ether. The mixture was then heated at 
lOO'C for 1.5 h, cooled to about 40»C, poured onto ice, 
extracted with CHjClj, dried over MgSO^, filtered, and ' 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 10% ethyl 
acetate in hexane as eluent to provide 0.78 g of the 
title product as a white solid. TLC: Rf = 0.46, 10% 
ethyl acetate in hexane. (%)-nmr (CDCI3) consistent 
with structure. 
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B. Con?)ound 174. A solution of ,30 mg of the 
resultant compotmd of Bxample 51D in 4:1 
GH^Clj/saturated aqueous NaHCOj was treated 
sequentially, at ambient temperatiire under an 
5 atmosphere of nitrogen, with 24 mg of the restiltant 
caxx^>oimd of Example 174A smd 18 mg of sodium 
bicarbonate. The mixture wais stirred for 14 h, diluted 
with CHjCl^r washed with sattirated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

10 residue was purified by low pressure silica gel 

chr o m atography tising 20% diethyl ether/CHjClj as the 
eluent to provide 14 mg of the title product as a white 
solid. TLC: Rf - 0.43, 20* diethyl ether/CHjCl^ . HPLC: 
Rt = 17.01 min. (^H) -NMR (CDClj) consistent with 

15 structure. 

Con5)ound 175. A solution of 11 mg of the 
resultant compound Example 174B in ethyl acetate was 
treated at ambient teniperature , with 2 mg of 10% 

20 palladium on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 10% methanol in CH^Cl^ 

25 as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf = 0.38, 10% methanol in CH^Clj. 
HPLCi Rt = 13.37 min. (^H) -NMR (CDCl.) consistent with 



structure, 



Example 176 



30 A. l,3-Ben20dioxole-5-sulfonyl chloride. To 3.50 g 
of dimethylformamide, at 0»C under an atmosphere of 
nitrogen, was added 6.47 g of sulfuryl chloride. The 
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mixture was stirred IS min and treated with 5.32 g of 

1.3- benxodioxole. The mixture was then heated at 120 *C 
for 45 min, cooled to about 40 •C, poured onto ice, 
extracted with CH^Clj, dried over MgSO^, filtered, and 

5 concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 40* CH^Cl^ in 
hexane as eluent to provide 2.70 g of the title product 
as a yellow solid. TLC: Rf » 0.37, 40% CajClj in 
hexane. (^H) -NMR {CDCI3) consistent with structure. 

10 B. Conpound XXII (A = tert-butoxy, D' » isobutyl, E « 

3.4- benzodioxole) . A solution of 49 mg of the 
resultant compound of Example 39A in 4:1 
CH^Clj/satxirated aqueous NaHC03 treated 
se<juentioJ.ly, at ambient temperature under an 

15 atmosphere of nitrogen, with 45 mg of the resultant 
comnpoxmd of Example 176A and 28 mg of soditm 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

20 residue was purified by low pressure silica^gel 

chromatography using 20% diethyl ether/CH^Clj as the 
eluent to provide 71 mg of the title product as a waxy 
solid. TLC: Rf = 0.65, 20% diethyl ether/CHjClj . 
(^H)-NMR (CDCI3) consistent with structure. 

25 C. Compound XXII (A « H, D' = isobutyl, E = 3,4- 
benzodioxole, hydrochloride salt) . A solution of 71 mg 
of the resultant confound of Exanple 176B in ethyl 
acetate was treated at -20 »C with HCl gas. The HCl 
was bubbled through the mixture for 20 min over which 

3 0 time the teii5)erature was allowed to warm to 20«C. 

Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 66 mg of the 
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title product as a white solid which was used directly 
in sxibsequent reeictions. 

D. ConqDound 176. A solution of 18 mg of the 
resultant con?)ound of E3caii?)le 176C in CH^Clj was added, 
5 at ambient tenperatxire under an atmosphere of nitrogen, 
to a solution of 13 mg Of the resultant conpound of 
Example- 48A and 14 mg N,N-diisopropylethylamine in 
CHjClj. The mixture was stirred for 16 h, diluted with 
CHjClj, washed with saturated NaHCOj and saturated NaCl, 

10 then dried over MgSO^, filtered, and concentrated 

in vacuo. The residue was purified by low pressure 
silica gel chromatography using 5% diethyl ether/CH^Cl, 
as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf - 0.14, 5% diethyl ether/CHaClj . 

IS HPLC: Rt - 15.52 mia; " (^H) -NMR (aacig) consistent with 
structure. 

Example 177 

A. (4-Methoxyphenyl).methyl-4-nitrophenyl carbonate. 
To a solution of 1.50 g of p-nitrophenyl chloioformate 

20 in 30 mL of CH2CI2 at 0«C was added sequentially, 

0.77 mL of 4-methoxybenzyl alcohol and 0.82 mL of 4- 
methyl morpholine. After stirring for a half hour at 
ambient ten?)erature, the resulting mixture was diluted 
with CH2CI2, washed with water, brine, dried over 

25 magnesium sulfate, filtered and concentrated in vacuo 
to yield a pale yellow solid which was triturated with 
CHjClj/hexane and filtered to yield 1.51 g of the title 
compound. TLC: Rf = 0.40, 20% EtOAc/hexane . 

B. Coa?)ound 177. To a solution of 96.7 mg of the 
30 resultant coni>ound of Exaa^jle 141A in 2 mL of CHjClj 

was added sequentially, 90 ixL of diisopropylethylamine 
and 81.3 mg of the resultant compound of Exan^jle 178A. 
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After stirring for 24 hours, the mixture was diluted 
with CHjClj, washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thin layer 
5 chromatography using 5% methanol in CHjClj eluent to 
yield 104.8 mg of the title con^jound. TLC: Rf » 0.4, 
20% BtOAc/hexane, HPLC: Rt = 17.66 min, (^H)NMR (CDCI3) 
consistent with structure. 

^TP^TPlft 17ft 

10 A. (3-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
Prepared by the same route as described for Example 
177A, except 3-metho3^benzyl alcohol was utilized for 
reaction with p-nitrophenyl chloroformate to yield the 
title conqpound as a pale yellow solid. TLC: Rf « 0.40, 

15 20% BtOAc/hexane. 

B. Con^iound 178. To a solution of 97.8 mg of the 
resxatant con?)ound of Exan?)le 141A in 2 mL of CHjClj 
was added sequentially, 91 /iL of disopropylethylamine 
and 82.2 mg of the resultant conqpound of Exan^jle 178A. 
After stirring for 24 hours, the mixture was diluted 
with CHjClj, washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thin layer 
chromatography using 5% methanol in CHjClj eluent to 
25 yield 25.7 mg of the title coii?)ound. TLC: Rf » 0.4, 

20% EtOAc/hexane, HPLC: Rt » 17.75 min. {^R)mR (CDCI3) 
consistent with structure. 

Examnle 17Q 

A. {2-Methoxyphenyl).methyl-4-nitrophenyl carbonate. 
30 Prepared by the same route as described for Exan^jle 

177A, except 2.methoxybenzyl alcohol was utilized for 
reaction with p-nitrophenyl chloroformate to yield the 
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title compoimd as a pale yellow solid. TLC: Rf » o.40, 
20% BtOAc/hexEuiie. 

B. Confound 179. To a solution of 97.8 mg of the 
resultant conqpound of Exan?jle 141A in 2 mL of CHjClj 
was added sequentially, 99 /iL of diisoprophylethylamine 
and 89.2 mg of the resultant compound of Exan?)le 179A. 
After stirring for 24 hours the mixture was diluted 
with CHjCLj, washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thia layer 
chromatography using 5% methanol in CHjClj eluent to 
yield 107.0 mg of the title coir?>ound. TLC: Rf = o.4, 
20% EtOAc/hexane. HPLC: Rt - 17.58 min. ('h)NMR 
(CDCI3) consistent with structure, 

A. 2,3-Dihydroben2ofuran-5-sulfonyl chloride. To. 
3.35 g of dimethylformamide, at 0«C under an atmosphere 
of nitrogen, added 6.18 g of sulfuryl chloride. The 
mixture was stirred 15 min and treated with 4.69 g of 
2,3-dihydrobenzofuran. Tfhe mixture was then heated at 
lOO'C for 1.5 h, cooled to about 40 -c, poured onto 
ice, extracted with CHjCl^, dried over MgSO^, filtered, 
and concentrated in vacuo. Hie residue was taken up in 
ethyl acetate, cooled to 5 «C for IS h, and the 
resultant pink crystals collected by vacuum filtration 
to provide 6.12 g of the title product. TLC: Rf =. 
0.41, 10% ethyl acetate xn hexane. (^H) -NMR (CDCl ) 
consistent with structure. 

B. Con?>ound 180. A solution of 32 mg of the 
resultant con^jound of Exaiqjle 14 OD in 4:1 
CHjClj/saturated aqueous NaHC03 ^as treated 
sequentially, at ambient temperature under an 
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atmosphere of nitrogen, with 22 mg of the resultant 
confound of Exait^le 18 OA and 18 mg of sodium 
bicarbonate . The mixture was stirred 14 h, diluted 
with CEjCljf washed with saturated NaCl then dried over 
5 MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/ CH^Cl^ as eluent 
to provide 20 mg of the title product as a white solid. 
TLC: Rf - 0.52, 20% diethyl ether/CH^Clj . HPLC: Rt = 
10 15.49 min (^H) -NMR (CDCI3) consistent with structTire. 

Example 181 

Cospound 181. A solution of the resultant contpound of 
Exanple 140D (150 mg, 0.4 mmol) in CH2CI2 (10 mL) was 
added a saturated solution of sodiimi bicarbonate (5 mL) 

15 . followed by solid sodium bicarbonate (0.1 g, 1.2, mmol) 
and 4-cyanobenzensulfonyl chloride (0.1 g, 0.48 mmol) . 
The mixture was stirred at ambient temperature for 4 
hours. The solution was diluted with 200 mL CH2CI2, 
the organics separated, dried over cmhydrous MgSO^, and 

20 the organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 
chromatography using CH2CI2, followed by 1:99 
methanol /CH2CI2 solution as the solvent system to give 
0.19 g (86% yield) of the title coii?)oimd as a white 

25 solid. TLC: Rf = 0.40, 3:97 methanol /CH2CI 2, HPLC: Rt 
= 15.02 min, (^H)-NMR (CDCI3) consistent with 
structure. 

Example 182 

Compound 182. This compound was prepared from the 
30 resultant con5)ound of Example 114D and the resixltant 

conpound of Example 48A in the same manner described in 
Example 88. After workup and purification by 
preparative reversed-phase C^g HPLC using a linear 
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gradient of 35* to 100% CHgCN/HjO with 0.1% TFA as 
eluant, 32.8 mg of the title compound was obtained. 
TLC: Rf - 0.25, 4% MeOH/CH2Cl2- HPLC: Rt - 16.06 min; 
(^H)NMR (CDCI3) consistent with structure. 

Confound 183. This coznpound was prepared from the 
resxiltant conqpound of Bxanple 84 by treatment with 
hydrogen chloride gas and subsequent reaction with the 
restiltant cospound of Bxanqple 48A in the manner 
10 described in Example 132. After worlcup and 

purification by crystallization from BtOAc, 33.0 mg of 
the title con?)otuid was obtained as a white solid. TLC: 
Rf - 0.25, 4% MeOH/CH2Cl2. HPLC: Rt - 17.71 min; (^H)- 
NMR {CDCL3) consistent with structure. 

^5 Bxample 184 

A. (N-tert-butoxycarbonyl) - (R) -3-pyrrolidinyl-N- 
hydroxysuccinimidyl carbonate. To a solution of 1.0 g 
of {R)-3-hydroxypyrrolidine in tetrahydrofuran (SO mL) 
was added sequentially, at ambient ten?)erature, 3.75 g 

20 of di-tert-butyl dicarboante and 1 mL of 2N sodium 
hydroxide. The mixture was stirred for 1 hour, 
filtered and concentrated in vacuo. The resultsmt 
ccanpaund was reacted with N,N-disuccinimidyl carbonate 
in the mann er described in Example 155A. Workup and 

25 piirification by thick layer silica gel chromatography 
using an EtOAc eluent yielded the title conpound as a 
white solid? (^H)-NMR (CDCI3) consistent with 
structure. 

B. Compound 184. A solution of 350 mg of the 

30 resultant compound of Example 166A was deprotected with 
hydrogen chloride gas and the resultant compound was 
reacted with the resultant coir5)oxmd of Example 184A in 



wo 94/05639 



PCT/US93/08458 



244 - 



10 



the maimer described in Bxai^le 88. After 
concentration of the mixture in vacuo and workup, the 
residue was purified by thick layer silica gel 
chromatography using 7% MeOH/CHjClj as eluant, to 
obtain 120 mg of the title conpound. TLC: Rf = 0.45, 
5% MeOH/CHjClj. HPLC: Rt - 16.97 min; ('h)-NMR (CDCI3) 
consistent with structxire. 

Confound 185. A solution of 120 mg of the 
resultant compound of Bxan^le 184B in EtOAc (25 mL) at 
0«C was treated with anhydrous hydrogen chloride gas 
for 10 min. , and allowed to stand for 12 h while 
warming to ambient temperature. Concentration in vacuo 
yielded 110 mg of the title confound. TLC: Rf = o.3S, 

IS "* *feOH/89% CHjClj/l* NH4OH. HPLC: Rt - 13.72 min*; 
( H)-NMR (CDCI3) consistent with structure. 

A. Con?)ound XXX ( (syn, anti) -OH, A = carbobenzyloxy, 
R - (s) -sec-butyl, R^' - H, D- - benzyl. A' - tert- 
butoxycarbonyl) . A solution of 1.37 g of the resultant 
conpound of Example IB in 150 mL of methylene chloride 
was treated with 1.03 of Cbz-Ile, 523 mg of HOBT-HjO, 
and 742 mg of EDC. The mixture was stirred for 18 h, 
then diluted with 3 yplHaes of diethyl ether and washed 
sequentially with water, saturated NaHCOg solution, 10% 
KHSO4 solution, and brine. After drying over MgSO^ and 
concentrating in vacuo, the residue was purified by 
chromatography on a silica gel column using a gradient 
of l% to 1.5% MeOH in CHjClj as eluant to yield 2.10 g 
30 of the title ccnpoxmd as a white foam. TLC: Rf = o.Sl 
5% methanol/CHjClj. 



20 
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B. Confound XXX ( {syn, anti) -OH, A « carbobenzyloxy, 
» (S) -sec-butyl, R^' - H, D' = benzyl. A' = H) , 

hydrochloride salt. A solution of 650 xng of the 
resxxltant compound of Bxanple 12A in 12 mL of ethyl 
5 acetate was cooled in an ice/water bath and treated 

with a slow stream of HCl gas for approximately 6 w-in 
with vigorous stirring. The mixture was capped and 
stirred for an additional 10 min, then purged with a 
stream of nitrogen for 15 minutes and concentrated 
10 in vacuo to yield a white solid which was used without 
subsequent purification. TLC: Rf » 0.18, 95:5:0.5 
C^Cl2/xttethanol /concentrated NH^OH. 

C. Confound 186. A solution of 20 mg of the 
resultant con^oxuid of Example 186B in 0.8 mL of 

15 methylene chloride was cooled in ice/methanol - 

(approximately 15 •C) , then treated with 13.8 /xL of DIEA 
followed by 7.6 mg of a- toluene sxilfonyl chloride. The 
mixture was stirred for 15 h, warming slowly to ambient 
temperature. The mixtxire was concentrated to a smaJ.1 

20 vol\2me, applied to a 0.5 mm thick prep plate and eluted 
w^h 3.5% MeOH/CH2Cl2- The band containing -the desired 
diastereomer was isolated and eluted with 8% 
MeOH/C:H2Cl2 to yield 4.8 mg of the title coir5)ound. 
TLC: Rf = 0.42, 15% diethyl ether/CH2Cl2« HPLC: Rt « 

25 17.81 min. NMR (CDCI3) : 0.78 (dd, 6H) 0.84 (m, IH) 
1.07, (m, IH) 1.76-1.86 (m, 2H) 2.72 (m, 2H) ; . 
3.14 (s, 2H); 3.49 (dd, IH); 3.87 (dd, IH) ; 
3.58 (m, IH); 4.01 (d, IH) ; 4.14, (d, IH) ; 4.26, 
(d, IH); 4.35, (d, IH) ; 4.90, (m, IH) ; 5.08, (s, 2H) ; 

30 5.97, (d, IH), 7,08, (d, 2H) ; 717, (t, IH) ; 7.20-7.40, 

(m, 17H) . 
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SXMTPle 3L87 

Concpound 187. 100 mg of the resxilting 
conpotind 54A vrais treated with 1 mL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
concentrated in vacuo and the residue taken up in 10 mL 
of dry CHjCl^, treated with 65 mg of N-Cbz-L-isoleucine 
(0.235 xranol), 50 /iL of DIBA (0.27 mmoles) , 30 mg of 
HOBt (0.22 mmoles), and 42 mg of l-(3- 
dimethylaminopropyl) -S-ethylcarbodiimide hydrochloride 
(0.22 mmoles). The mixture was stirred for 3 h, then 
diluted with in CHjCl^ and washed sequentially with 
water, saturated NsiHCOj solution, and brine. After 
drying over MgSO^ and concentrating in vacuo, the 
mixture was purified by chromatography on a silica gel 
column using 5% CH3OH in CHjCl^ as eluent to yield the 
title can?)ound, a portion which was purified by • 
preparative reversed-phase C^^g HPLC using a linear 
gradient of 35% to 100% CHjCN/H^O with 0.1% TFA for 
elution to obtain 36.0 mg 99.0% pure compoxind. TLC: Rf 
« 0.25, 5% CH3OH in CHjClj. HPLC: Rt = 16.45 min; 
(^H) -NMR (CDCI3) consistent with structure. 

Example laa 

Compound 188. A solution of 51 mg of the 
resulting compound of Example 187A in IS mL of methanol 
was hydrogenated under a slight positive pressure of 
hydrogen in the presence of 10 mg of 10% Pd(0H)2 for 14 
h. After filtering and concentrating in vacuo, the 
crude mixture was taken up into 10 mL CHjClj and treated 
with 0.203 mL of DIEA and 19.0 mg of 2-quinoxaloyl 
chloride. The mixture was stirred for 6 h, then 
diluted with CH^Clj and washed with water. After 
dryuing over MgSO^ and concentrating in vacuo, a 
portion of the mixture was purified by preparative 
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reversed-phase C^^q HPLC using a linear gradient of 35% 
to 100% CHjCN/HjO with 0.1% TFA for elution to obtain 
2.1 mg of the title con^oimd. TLC: Rf » 0.25, 6% 
ChgCN/H^O with 0.1% TPA for elution to obtain 2.1 mg of 
5 the title casapcnmd. TLC: Rf 0.25, 6% CH3OH in CH^Cl^. 
HPLC: Rt » 16.21 min; (^) -NMR (CDCI3) consistent with 
structure . 

gx^mple 189 

A. Compound XXII (D* - isobutyl, A - H, B « 4- 

10 acetamidophenyl, trifluoroacetate salt) . To a solution 
of 89.3 mg. (0.167 mmol) of the resultant cozx^ound of 
Bxaii^>le 39B in CH^Cl^ (1 mL) at 0^ to 5" C was added 
trifluoromethanesulfonic acid (1 mL) . After stirring 
for 0.5 h the resiiltant mixture was concentrated 

15 in vacuo and the resulting yellow gum used without 
subsequent purification. 

B. Coi^pound 189. A solution of the resxatant 
compound of Exanple 189A (0.167 mmol) in CHjClj was 
treated sequent ially, at ambient temperature under an 

20 atmosphere of nitrogen, with 44.2 mg (0.217 mmol) of N- 
Boc-Qg-ami noisobutyric acid, 0.044 mL (0.251 mmol) 
diisopropylethylamine, 27.1 mg (0.201 mmol) of 1- 
hydroacybenzotriazole hydrate, 38.5 mg (0:201 mmol) l- 
( 3 - dimethylaminopropyl ) - 3 - ethyl carbodiimide 

25 hydrochloride. The mixture was stirred for 16 h and 
then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with water, 0.5 N 
hydrochloric acid, washed with sodium bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 

30 and concentrated in vacuo. The residue was purified by 
low pressure silica gel column chromatography using a 
10% to 35% gradient of ethyl acetate/GH^Clj eluent to 
yield 69.3 mg of the title product as a white solid. 
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TLC: Rf - 0.46, 60* ethyl acetate/CHjClj , HPLC: Rt » 
15.0 min; {^H)-NMR (CDCI3) consistent with structure. 

A. Compouad XXXI (A - H, = methyl, R^' . methyl, D* 
= isobutyl, B - 4-acetamidophenyl, hydrochloride saat) . 
To a solution of 60.1 mg of the resultant coo^jound of 
Bxaii?)le 189B in CHjCa-j (1 mL) at 0" to 5*G was added 
trifluoromethanesulfonic acid (1 mL) . After stirring 
for 0.75 h, the resultant mixtiire vab concentrated 
in vacuo and the resulting white solid vised directly 
for subsequent reaction. 



B. Confound 190. To a solution of 37 mg (0.059 mmol) 
of the restiltant cco^jound of Sxas^le 19 OA in CHjClj 
(3 xnL) was added sequentially, at ambient tenperature 

IS under an atmosphere of nitrogen, with 15.4 mg 

(0.089 mmol) of 1-hydroxybenzotriazole hydrate, and 
17.8 mg (0.089 mmol) EDC. The mixture was stirred for 
16 h and then concentrated in vacuo. The residue was 
taken up in BtOAc and washed with saturated brine, 

20 dried over magnesium stilfate. filtered and" concentrated 
in vacuo. The residue was purified by thin layer 
silica gel column chromatography using 50% of EtOAc in 
CHjClj as eluent to yield 32.5 mg of the title product. 
TLC: Rf - 0.35, 50% EtOAc/CHjClj , HPLC: Rt = 15.65 min; 

25 (^H)-NMR (CDClg) consistent with structure. 

Example 191 

A. (2S, 3RS) -S-Amino-l-chloro-2-hydroxy-4- 
phenylbutane) . A solution of 2.24 g (6.71 mmol) of 
(IS, 2RS) -N- (l-benzyl-3-chloro-2-hydroxypropyl) - 
30 benzyloxycarbonylamine in 5 mL of methanol was added, 
at ambient tenperature under a nitrogen atmosphere, to 
a slurry of 0.22 g (10% by weight) of 10% palladium on 
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carbon in 60 mL methanol and hydrogenerated for 24 h, 
under a slight positive presstire of hydrogen. The 
mixture was filtered and concentrated in vacuo to yield 
1.34 g of the mixed diaatereomeric products. TLC: Rf = 
0.33, 10* CH3OH/CH2CI2. 

B. (2S) -2-Benzyloxycarbonylamino-N^- ( (IS, 2RS)-1- 
benzyl-3-chloro-2-hydroxypropyl) -N*-trityl succinamide. 
A solution of 1.34 g (6.71 annol) of the resultant 
compounds of Example 191A in 60 mL of dichloromethane 
was treated sequentially, at ambient tenqperature under 
an atmosphere of nitrogen, with 3.58 g (7.05 mmol) of 
Cbz-N* -trityl-asparagine, 0.95 g (7.05 mmol) of 
l-hydro3cybenzotria2ole hydrate, 1.35 g (7.05 xmnol) of 
EDC. The mixture was stirred for 24 hours then 
concentrated in vacuo. The residue was taken up in 
ethyl acetate and washed with water, saturated NaHCOg, 
saturated NaCl; dried over MgSO^; filtered ^r\ ^ 
concentrated in vacuo. The residue was purified by low 
pressure silica gel column chromatography using 10% 
ethyl ace tate/dichloromethane as eluent to yield 3.08 g 
total of the mixed diaatereomeric products. TLC: Rf « 
0.75, 0.83, 40% EtOAc/CH2Cl2; (^H)-NMR (CDCI3) 
consistent with structure. 

C. (2S)-2-Amino-N^-((lS, 2RS) -l-ben2yl-3-chloro-2- 
hydroxypropyD-N^-trityl succinamide. A solution of 
2.80 g (4.06 mmol) of the resultant ccar^iounds of 
Exanqple 19 IB in 5 mL of methanol was added, at ambient 
temperature under a nitrogen atmosphere, to a slurry of 
0.28 g (10% by weight) of 10% palladium on carbon in 
100 mL methanol and hydrogenated for 24 h under a 
slight positive pressure of hydrogen. The mixture was 
filtered and concentrated in vacuo to yield 2.26 g of 
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the mixed disterecaneric products • TLC: Rf = 0.42, 10% 
CH3OH/CH2CI2. 

D. (2S)-2-((lS, 2IIS) -l-Benzyl-3-chloro-2- 
hydroxypropyl) -N^ - { {quinoline-2-carbonyl) -amino) -N^- 
5 trityl succinamide. A solution of 2.26 g (4.06 inmol) 
of the resultant conpotinds of Bxaiople 191C in 60 znL of 
dlchl or omft f. han e was treated sequentiailly, at ambient 
tenperature under an atmosphere of nitrogen , with 0.74 
g (4.27 mmol) of quinaldic acid, 0.58 g (4.27 mmol) of 

10 1-hydroxybenzotriazole hydrate, and 0.82 g (4.27 mmol) 
of EDC. After 24 hours, 30 mL of dichloromethane was 
added. The mixture was washed with water, 5% NaHC03 
solution, saturated NaCl, dried over ^^804, filtered 
and concentrated in vacuo. The residue was dissolved 

IS in 50% ethyl acetate/hexane and filtered through a plug 
of silica gel. Removal of the solvents yielded 2.30 g 
of the mixed diastereomeric products. TLC: Rf « 0.53, 
0.58, 40% EtQAc/CH2Cl2; (^H)-NMR (CDCI3) consistent with 
structure . 

20 E. {2S) -2- ( (1S,2RS) -l-Benzyl-2 -hydroxy- 3 -iodopropyl) - 
N^- ( (quinoline-2-carbonyl) -amino) -N^- trityl 
succinamide. A solution of 1.05 g (1.48 mmol) of the 
resultant conpounds of Example 191D and. 0.3 6 g 
(2.37 mmol) of sodium iodide in 15 xnL of methyl ethyl 

25 ketone was heated to reflux for 24 hours. The mixture 
wa5 cooled to room teii5)erature and then* concentrated 
in vacuo. The residue was taken up in dichloromethane 
and washed with water, saturated NaCl, dried over 
MgSO^, filtered and concentrated in vacuo to yield 

30 1.3 g of the mixed diastereomeric products. TLC: Rf = 
0.58, 0.65, 40% EtOAc/CH2Cl2; (^H)-NMR (CDCI3) 
consistent with structure. 
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P. (2S)-2-({lS, 2 ayn, anti) -3- (2- 
methylpropyl ) amino - 1 - benzyl - 2 - hydroxypropyl ) - - 
( (quinoline-2-carbonyl) -amino) -N*-trityl auccinamide. 
A solution of 207.6 mg (0.26 mmol) of the resultant 
con?)ounds of Example 191B and O.S mli (s.17 mmol) of 
isobutylamine in 9 mL of acetonitrile in a sealed tube 
was heated to reflux for 24 hours. After cooling to 
room temperature, the mixture was concentrated 
in vacuo. The residue was taken up in dichloromethane 
and washed with water, saturated NaCl, dried over 
MgS04, filtered and concentrated in vacuo to yield 

209.2 mg of the mixed diastereomeric products. TLC: Rf 
- 0.11, 10* CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent 
with structure. 

15 G. Compound XIV ( (syn, anti) -OH, A - quinoline-2- 
carbonyl, D- = iaobutyl) .- A solution of 192.9 mg 
(0.26 mmal) of the resultant compounds of Exaii?»le i9iF 
and 0.07 mL (0.388 mmol) of diisopropylethylamine in 
5 mL of dichloromethane was treated with 112.9 mg 
20 (0.517 mmol) of di-tert-butyldicarbonate. After 

24 hours, the mixture was diluted with dichloromethane. 
The mixture washed with water, 5% NaHCOg, O.S N HCl, 
saturated NaCl, dried over MgSO^, filtered and 
concentrated in vacuo. The residue was. purified by low 
pressure silica gel column chromatography using 40% 
ethyl acetate/dichloromethane as eluent to yield 

147.3 mg of the mixed diastereomeric products. TLC: 
Rf = 0.60, 0.67, 40% EtOAc/CHjCla; (^H)-NMR (CDCI3) 
consistent with structure. 

30 H. Compounds 191. A solution of 147.3 mg 

(0.174 mmol) of the resultant con^sounds of Exanple 191G 
in 2 mL of dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
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concentrated in vacuo. TLC: Rf =■ 0.11, 10* 
CH30H/CH2C12- To a solution of the resiatant con^jound 
in 2 mL of dichlorometbane was sequentially added 
0.5 mL of saturated NaHCOg, small amount of solid 
5 NaHCOg and 67 mg (0.226 mmol) of a mixtaire of 4- 

acetamido-3-fluorobenzenesulphonyl chloride and 3- 
acetamido-4-fluorobenzenesulphonyl chloride. After 
3 hours, the mixture was diluted with dichloromethane . 
The two layers were separated and the aqueous layer was 
10 extracted once with dichloromethane. The combined 

organic layer was washed with saturated NaCl then dried 
over MgS04, filtered and concentrated in vacuo. The 
residue was purified by low pressure silica gel column 
chromatography using 2% msthanol/dichloromethane was 
15 eluent to yield 64 mg of the mixed diastereomers and 
regioisomers which were further purified with 
preparative HPLC to yield 18.9 mg of the mixed 
regioisomers comprising, coinpounds. 191 8ls a white solid. 

^ = O-.l*' 5% CH3OH/CH2CI2; HPLC, Rt - 13.36 min; ' 
( H)-NMR (CDCI3) consistent with structure. 



20 



Con?)ound 193. A solution of 81.2 mg 
(0.096 mmol) of the resultant lower Rf diastereomer of 
Exan5>le 9/192A in 3 mL of dichloromethane was treated 
25 with 3 mL of trifluoroacetic acid. After 4 hours, the 
mixture was concentrated in vacuo. TLC: Rf = O.ll, 10* 
CH3OH/CH2CI2. To a solution of 20.6 mg (0.0431 mmol) of 
the resultant residue in l mL of dichloromethane was 
sequentially added 0.3 mL of saturated NaHCOg, small 
amount of solid NaHCOg and 12.4 mg (0.053 mmol) of 4- 
acetamidobenzenesulphonyl chloride. After 3 hours, the 
mixture was diluted with dichloromethane. The two 
layers were separated and the aqueous layer was 
extracted once with dichloromethane. The combined • 



30 



wo 94/05639 



PCr/US93/084S8 



253 



10 



organic layer vas washed with brine then dried over 
MgS04, filtered and concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 8.3 mg of the 
title con?jound as a white solid; TLC: Rf - 0.10, 5% 
CH3OH/CH2CI2; HPLC, Rt o 12.7 min; Os) -IMR (CDCl^) 
consistent with structure. 

Compound 194. To a solution of 13.0 mg 
(0.02S mmol) of the trifluoroacetic acid deprotection 
product described in Example 193 in l mL of 
dichloromethane was sequentially added 0.3 mL of 
saturated NaHCOg. small amount of solid NaHCOg and 
8.4 mg (0.033 mmol) of 5- {isoxa201-3-yl) thiophene-2- 
sulphonyl chloride. After 3 hours, the mixture was 
15 diluted with dichloromethane. The two layers were 

separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
concentrated in vacuo. The residue was purified by 
20 preparative HPLC to yield 5.1 mg of the title product 

as a white solid; TLC: Rf - 0.27, 5% CHgOH/CHjCl, ; HPLC, 
Rt = 14.4 min; (^H)-NMR (CDCI3) consistent with 
structxire. 

25 A. Coii5)ound XXII (A» (s ) - 3 - tetrahydrof uryl , 

D'ocyclopentylmethyl, A- = tert-butoxycarbonyl) . To a 
solution of 264 mg of the resultant compound of Exaii?)le 
140D in 10 mL of CH2CI2 was added 0.14 mL of 
disopropylethylamine and 175 mg of di-tert 

30 butylpyrocarbonate. After stirring for 4 hours, the 
mixture was diluted with 50 mL of CH2CI2, washed with 
0.5N of HCl and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield 364 mg of 
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the title coii?>oiind as a white solid which was used 
without subsequeint purification. TLC: Rf = 0.58, 40% 
BtOAc/CHjClj. 

B. A solution of 334 mg of the resultamt con^Dound of 
Bxan^le 195A in 5 mL of ethanol was hydrogenated under 
30 psi of hydrogen in the presence of 80 mg of platintim 
(IV) oxide for 24 hours. The mixtxire %#as filtered and 
concentrated. The residue was purified by a low 
pressure silica gel column chromatography using 20k 
EtOAc in CHjClj eluent to yield 268 mg of the title 
compound. TLC: Rf - 0.55, 40% BtOAc/CHjClj . (^H) -NMR 
(CDCI3) ctMisiatent with structxire. 

C. A solution of 268 mg of the resultant con^jound of 
Example 195B in 10 mL of EtOAc was treated with 

15 anhydrous HCl gas for 5 min. The reaction mixture was 
sparged with nitrogen then concentrated in vacuo and 
the resulting white solid used without subsequent 
purification for subsequent reaction. 



10 



20 



D. Coii5)ound 195. To a solution of 233 mg of the 
crude resultant compound of Bxaii5)le 195C in 10 mL of 
CH2CI2 was added 2 mL of saturated aqueous sodium 
bicarbonate and 149 mg of 4-methyloxybenzene sulfonyl 
chloride. After 3 hours, the resulting mixture was 
diluted with CH2CI2, washed with sodium bicarbonate, 
25 brine, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by low 
pressure silica gel column chromatography using 0% to 
20% EtOAc/CH2Cl2 to yield 225 mg of the title con^jound 
as a white solid. TLC: Rf = 0.40, 20% EtQAc/CHjClg ; 
30 HBLC: Rt = 15.65 min.: (^H)NMR (CDCI3, consistent with 
structure. 
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Bxamnle iQfi 

A. (1S,2S) -N- (l-Iaobutyl-3-chloro-2- 
hydroxypropyDbenzyloxycarbonylamine. To a solution of 
N-Cbz-leucine chloromethyl ketone (2.0g) in 20 inL of 
methanol was added, at 0«C, 1.0 g of sodium borohydride 
and the mixture was stirred at ambient ten^jerature for 
24 h. The solution was concentrated under reduced 
pressure and the residue partitioned between 20 mL of 
saturated aqueous NH^Cl and 500 ml of diethyl ether. 
The organic fraction was separated, dried over MgSO^ 
and concentrated in vacuo and the residue purified by 

-silica gel chromatography to yield 1.8 g of white 
solid. 

B. (IS) -1-1 (S) (Carboben2yloxy)amino-2-isobutyl- 
oxirane. To a solution of the resultant coii5)ound of 
Example 196A (300mg) in absolute ethanol was added 67 
mg of powdered KOH. The mixture was stirred for 3 h at 
ambient temperature, filtered through diatomaceous 
earth, and concentrated in vacuo. The residue was 
dissolved in diethyl ether, dried over MgSO^, and 
concentrated to yield 230 mg of colorless oil, which 
was used directly for subsequent reaction. 

C. (2R,3S) -N^-Carbobenzyloxy-N^-isobutyl-i, 3-diamino- 
2-hydroxy-5-methylhexane. A 230 mg portion of the 
resultant compound of exan?>le 19 6B was suspended in 

5 mL of isobutylamine and the mixture stirred overnight 
at ambient temperature. The mixture was concentrated 
in vacuo to yield the title product as 179 mg of a 
white solid, which was used directly for subsequent 
30 reaction. 



20 
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D. Compound I (A - tert-butoxycarbonyl, x - 0,D = 
isobutyl, E - 4-methoxyphenyl, (s) -hydroxy) . Following 
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the procedure described in Example 81, a solution of 
the restiltant compound of exancple 19SC (170ing) in CH^Clj 
was reacted with 4-methoxyben2enxulfoyl chloride (ISO 
mg) in the presence of aqueous NaHCOj. Workup and 
silica gel chro m atography yielded 90 mg of product as a 
white solid. 

E. Con5)ound I (A-H, x-0, D-isobutyl, E « 4- 
xnethoxyphenyl, (S) -hydroxy) . A solution of the 
resultant coii?)o\ind of Example 196D (90 xng) in ethanol 
was treated with 50 mg of 10* palladium on carbon and 
the mixture stirred under an atmosphere of hydrogen. 
After con?)letion of reaction, the mixtxire was filtered 
and concentrated in vacuo to yield 60 mg of the title 
con?)ound which was used directly for subsequent 

IS reaction. 

F. Con5)ound 196. Reaction of the resultant conpound 
of Example 196E {60mg) in CHjCl^ was reacted with the 
resultant product of example 48A (150 mg) as described 
earlier yielded, following aqueous wor)cup, drying over 
MgSO^, filtering, and concentration in vacuo, a residue 
which was purified by silica gel chromatography using 
methanol /CHjCL^ as eluant to yield the title product as 
40 mg of white solid, [^h] -NMR{CDCl3) consistent with 
structure. 

25 Example 197 

We measured the inhibition constants of the 
con?)ounds listed in Table VII against HIV-l protease 
using the above -cited method of Pennington ^^ , 

We also measured the ant i -viral potency of 
30 the compounds in CCRM-CEM cells by the above- cited 

method of Me^^c et ^l, In the Tables below, Kj and ICgQ 
values are expressed in nM. 
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In Table VIII, the following clasaif icationa 
have been employed: 

A: inhibits HIV replication at concentration of 
100 nM or less. 

5 B: inhibits HIV replication at concentration of 

between lOl and 1,000 nM. 
C: inhibits HIV replication at a concentration 

of between 1,001 and 10,000 nM. 
D: inhibits HIV replication at a concentration' 

°f between 10,001 and 40,000 nM. 
ND: not tested. 
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Cppupqupd K.vatuB 



TABLE VII 
Compound K.valua 



10 



15 



-20 



25 



30 



35 



40 



45 



50 



55 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 



4.0 
2.0 
32 
19 
2.0 
3.0 
8.0 
850 
4.0 
4.0 

34 
0.1 
0.2 
0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
0.1 

0.7 
1.0 
1.5 
32,500 
3,000 
0.1 
8.0 
17 
17 
61 

ND 
2.5 

80 

17 
4.0 

19 
0.1 
1.5 

17 
1.100 

220 
46 
4.200 
5.0 
6.0 
154 
4.0 
1.4 
9.0 
11 

NO 

0.4 
27 
22 



55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

101 
102 
103 
104 
105 
106 
107 
108 



430 

60 
200 

34 
206 
4.0 

4.0 

72 
7.0 
3.0 
0.7 
0.4 
7,400 
120 

42 

25 

470 
4000 
140 

11 
290 

ND 

ND 

ND 

ND 

ND 

2.3 
1.5 

ND 
1.4 
4.0 
5.0 

10 
1.4 
2.0 

93 

2.5 
20 

0.8 

1.7 

1.3 

8.0 

2.5 

0.5 
0.24 
0.16 

250 
33 
4.5 
5.5 
7.5 
1.4 
1.4 
2.0 



Compound K-value 



109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

121 
122 
123 
124 
125 
126 
127 

128 >5000 

129 19 

130 14 



6.0 
28 

0.3 
4.0 
3.0 
0.35 
0.5 
<0.1 

0.26 
<0.1 
1.8 
11 

2.0 
1.2 
10 
1.1 
0.3 
310 
650 



131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

141 
•142 
143 
144 
145 
146 
147 
148 
149 
150 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

161 



60 
6.0 

24 
8.4 
2.7 

18 

26 
1.4 
1.2 

<0.1 

0.1 
<0.1 
<0.1 
8.0 
1.4 
2.0 
1.6 
0.2 
1.7 
6.0 

0.8 
2.5 
0.2 
0.5 
1.7 
2.8 
0.7 
<0.1 
0.2 
1.0 

20 
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TABLE VTT (carif.'a) 



164 130 

165 0.4 
5 166 <0.1 

112 0.45 

168 0.6 

169 <0.1 

170 0.2 

10 171 0.2 

172 21 

173 0.6 

174 10 

175 0.1 
IS 176 <0.1 

177 <0.1 

179 0.4 

ISO <0.1 

20 181 0.3 

183 0.1 

184 B.0 

]ii 143-' 

187 0.3 

188 11.5 

189 5.500 

190 ND 

30 191 . . 33 

192 67 

193 400 

1 94 350 

195 0.2 
35 196 ND 
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TABLE VIII 

Compound ICjq Range Compound ' Cqq Ranoa 



4 

1 


c 


55 


ND 


2 


B 


56 


ND 


3 


C 


57 


ND 


A 


c 


58 


ND 


O 


B 


59 


ND 


6 


B 


60 


C 


7 


D 






8 


ND 


61 


C 


9 


B 


62 


ND 


10 


B 


63 


C 


n 


ND 


64 


C 


12 


A 


65 


c 


13 


A 


66 


B 


14 


A 


67 


ND 


15 


A 


68 


ND 


16 


B 


69 


ND 


17 


B 


70 


ND 


18 


B 




19 


B 


71 


ND 


20 


A 


72 


ND 


21 


A 


73 


ND 


22 


B 


74 


ND 


23 


B 


75 


ND 


24 


ND 


76 


ND 


25 


ND 


77 


ND 


26 


B 


78 


ND 


27 


C 


79 


ND 


28 


ND 


80 


ND 


29 


C 




ou 


ND 


81 


C 


0 1 


ND 


82 


c 


•JO 


C 


83 


ND 


oo 


ND 


84 


C 


•3*r 


NU 


85 


C 


OO 


D 

D 


86 


B 


OO 


NU 


87 


C 


37 


Q 


88 


B 


wO 


w 


89 


C 




U 


90 


ND 




NU 




41 




91 


B 


VilJ 


92 


ND 




Kin 

NU - 


93 


B 


43 


ND 


OA 


B 


44 


B 


95 


C 


45 


C 


96 


ND 


46 


ND 


97 


B 


47 


C 


98 


B 


48 


B 


99 


B 


49 


C 


100 


A 


50 


C 






51 




101 


ND 


c 


102 


ND 


52 


B 


103 


C 


53 


ND 


104 


C 


54 


C 


105 


ND 






106 


C 






107 


c 






108 


c 
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"7 C 

10 118 B 

119 C 

120 ND 

121 C 

122 C 
15 123 ND 

124 D 

125 B 

126 ND 

127 ND 

20 128 ND 

129 ND 

130 ND 

131 ND 
"2 ND 

25 133 ND 

134 ND 

135 C 

136 ND 

137 ND 
30 138 B 

139 B 

140 A 

141 B 

142 A 

35 143 A 

144 B 

145 B 

146 B 

147 B 

40 148 A 

149 B 

150 B 

151 C 

152 ND 

45 153 ND 

154 ND 

155 B 

156 B 

157 B 

50 158 A 

159 B 

160 A 

161 NO 

162 C 
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TABLE Vllt tconf d> 
CQfnpoynd i£g(^.Ranfle Compound ICj q Ranoe 

109 B 

110 ND 

111 C 

112 B 

113 B 

114 B 

115 B 

116 A 



163 


B 


164 


ND 


165 


B 


166 


A 


167 


B 


168 


A 


169 


A 


170 


o 

D 


171 


A 


172 




173 


A 

M 


174 


riU 


175 


A 

M 


176 


ND 


177 


ND 


1 /O 


ND 


1*70 


ND 


ifln 
1 ou 


ND 


1 ni 

lOl 


ND 


189 


o 

D 


183 


B 


184 


ND 


185 


ND 


186 


ND 


187 


B 


188 . 


C 


189 


ND 


190 


ND 


191 


C 


192 


c 


193 


ND 


194 


ND 


195 


A 


196 


ND 
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As demonstrated in Tables VII and VIII, all 
of the contpounds tested displayed inhibitory and anti- 
viral activity. Moreover, several of these compounds 
exhibited activity levels far greater than those of 
known HIV protease inhibitors. 

While we have described a number of 
anbodiments of this invention, it is apparent that our 
basic constructions may be altered to provide other 
embodiments which utilize the products and processes of 
this invention. ' Therefore, it will be appreciated that 
the scope of this invention is to be defined by the 
appended claims, rather than by the specific 
embodiments which have been presented by way of 
exan^le. 
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CLAIMS 

We claim: 

1. A coapoimd of formula I: 
0 

A— P),rN--CH--CH-CH2-N-S02-E 
H OH D* 

wherein: 

A is selected from the group consisting of H; 
Het.; -R -Het; -R^-q-C^ alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, q-c^ alkoxy. Het, -o- 
Het. -NR2.co.N(Ra) (r2, and -C0.N(r2) (r2) . and -R^-Cj-C 
alkenyl, which may be optionally substituted with one'' 
or more groups selected from the group consisting of 
hydroxy, C^-c^ alkoxy, Het. -O-Het, -Nr2.C0-N(r2) (r^) 
and -CO-N(r') (r2) • ' 

each R^ is independently selected from the 
group consisting of -C(0)-, .S(0)j-, -C(0).C(0)., -o- 
C(0).. -0-S(0)2. -NR^-S(0)2-, -NR*-C{0)- and -NR^-CCO)- 
C{0)-; 

each Het is independently selected from the 
group consisting of Cg-C^ cycloalkyl; Cg-C^ 
cycloalkenyl; C^-C^ aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, N(R*), o, s and S(0) 
wherein said heterocycle may optionally be benzofused- 
and wherein any member of said Het may be optionally ' 
substituted with one or more aubstituents selected from 
the group consisting of oxo, -OR^, -r^, .n(r2) (r2) ^ 
-R^-OH, -CN. .C02R^ -C(0).N(R2)(Ra), -S (0) ,.N(r2) (R^) , 
-N(R).C{0).R,, -C{0)-R^ -S(0)„-R^ -OCF,. -3(0) -Ar, 
methylenedioxy, -N(Ra) -s (O) , (R^) , halo, -CP,, -no". At 
and -O-Ar; 
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each r2 is independently selected from the 
group consisting of H and C^-Cj allcyl optionally 
substituted with Ar; 

B, when present, is -NiR^) -C{Ii^) (R^) -ciO) - ; 
X is 0 or 1; 

each r3 is independently selected from the 
group consisting of H, Het. q-C^ alkyl, c^-Cg aUcenyl. 
Cj-Cg cycloalkyl and C^-c^ cycloalkenyl , wherein any 
member of said R^ except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, -C(0)-NH-r2, -8(0) - 
N(R^)(r2), Het, -CS, .Sr2, -COJR^ Nr2-C(0)-r2; ° 
each n is independently 1 or 2; 
D and D- are independently selected from the 
group consisting of Ar; C^-c^ alkyl, which may be 
optionally substituted with one or more groups selected 
from Cj-Cg cycloalkyl, -ORj. -R^, -o-Ar and Ar; C^-c^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
Cg-Cg cycloalkyl, -OR*, -r3, -o-Ar and Ar; C3-C 
cycloalkyl, which may be optionally substituted with or 
fused with Ar; and Cg-Cg cycloalkenyl , which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 
group consisting of phenyl; 3-6 membered carbocyclic 
ring and 5-6 membered heterocyclic ring containing one 
or more heteroatoms selected from 0, N, s, S(0)^ and 
N{r2) , wherein said carbocyclic or heterocyclic %iag 
niay be saturated or unsaturated and optionally 
substituted with one or more groups selected from the 
group consisting of 0x0, -0R^ -R^, .n(r2) (r2) .^^^2^. 

C(0).R^ -R^^-OH. -CN, -C0,R^ -C(0) -NCR^) (R^) , halo and 
-CP • 
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E is selected from the group consisting of 
Het; 0-Het; H^t-Het; -O-R^; -nrV; C^-C^ alkyl. which 
nay be optionally substituted with one or more groups 
selected from the group consisting of R* and Het; C -c 
alkenyl, which nay be optionally substituted with one ^ 
or more groups selected from the group consisting of r* 
and Het; Cj-Cg saturated carbocycle, which may 
optionally be substituted with one or more groups 
selected from the group consisting of R* and Het; and 
Cj-Cg unsaturated carbocycle, which may optionally be 
substituted with one or more groups selected from the 
group consisting of R* and Het; and 

each R* is independently selected from the 
group consisting of .0R^ -0(0) -NHR^ -8(0),^, halo. 
-Nr2-C(0).r2 and -as._ 2 ' . 

2. The compound according to claim 1, 
wherein said coii?,ound has the structure of formula 
XXII: 




(XXII) 



wherein A, D' and E are defined as in claim i. 
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3. The cca^otind accordlag to claim i, 
wherein Sed.d contpbxind has the structure of formula 
XZZII: 

H 9H 

O ^3 (XXIll) 

wherein x, Het, R^, D' and E are defined as 
in claim 1. 



4. The caqpound according to claim 1, 
wherein said conpoimd has the structure of formula 



R\ j^3 QH D' 





wherein A, R^, D' and E are defined as 



claim 1. 



S. A compound of formula I, wherein: 

A is selected from the group consisting of H; 
-R^-Het; -R^-q-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^-c^ alkoxy, Het and -O- 
Het; and -R^-Cj-Cg alkenyl, which may be optionally 
substituted with one or more groups selected from 
hydroxy, C^-c^ alkoxy, Het and -0-Het; 



wo 94/05639 



PCr/US93/08458 



- 267 - 

each is independently selected from the 
gr up consisting of -C(0)-, -SlO)^-, -C(0)-C(0)-, 
-0-C0-, -0-S(0>j- and -NR^-StO)^-; 

each Het is independently selected from the 
group consisting of C^-Cj cycloalkyl; 

cycloalkenyl; Cg-Cj^^ aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, 0 and S, which may 
optionally be benzofused; \^erein any member of said 
Het may be -optionally substituted with one or more 
substituents selected from the group consisting of 0x0, 
-0r2, -r2, -N{r2)2, -R^-OH, -CN. -COjR^. -C(0)-N(r2)2 and 
-S(0)2-N(r2)2; 

each R^ is independently selected from the 
group consisting of H and C^-C^ alkyl; 

B, when present, is -HH-CH(R^) -C(0) -; 
x is 0 or 1; 

R^ is selected from the group consisting of 
Het, Cj-Cg alkyl, c^-Cg alkenyl, Cg-Cg cycloalkyl and 
Cs-Cg cydoalkenyl, wherein any member of said R^ may be 
optionally substituted with one or more substituents 
selected from the group consisting of -OR^, -C(0)-NH- 
R^, -S(0)^-N(r2)2, Het and -CaT; 
n is 1 or 2; 

D and D' are independently selected from the 
group consisting of Ar; C^-C^ alkyl, which may be 
optionally substituted with C3-C5 cycloalkyl or Ar; Cj- 

alkenyl, which may be optionally substituted with C3- 
Cg cycloalkyl or Ar; Cg-Cg cycloaakyl, which may be 
optionally substituted or fused with Ar; and C.-C^ 
cydoalkenyl, which may be optionally substituted or 
fused with Ar; with the proviso that when D is attached 
to N, D may not be methyl or alkenyl; 
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Ar is selected from the group consisting of 
phenyl; 3-6 membered carbocyclic ring and S-6 membered 
heterocyclic ring containing one or more heteroatoms 
selected from 0, N and S, wherein said carbocyclic or 
heterocyclic ring may be saturated or unsaturated and 
optionally substituted with one or more groups selected 
from the group consisting of oxo, -OR*, -R*, -N(R*) 
N(r2)-C(0)r2, -r2.oh, -CN, -COjRa, -CW-MCR*) halo 
and -CP3; 

B is selected from the group consisting of 
Het; -0-r3; -nr'rS. c^-Cg allcyl, which may be optionally 
substituted with one or more R* or Het; C^-Cg alkenyl, 
which may be optionally substituted with one or more R* 
or Het; Cg-Cg saturated carbocycle, which may optionally 
be substituted with one or more R* or Het; and C.-C 
unsaturated carbocycle, which may optionally be * 
substituted with one or more R* or Het; 

each R* is independently selected from the 
group consisting of .0R^ -C(0)-NHr2, .S(0)^.nbr', halo 
and -CN; and 

each is independently selected from the 
group consisting of H and R^, with the proviso that at 
least one R^ is not H. 



6. The con?)o\md according to claim 2, 

wherein: 

A is R^-Het; and 

D' is selected from the group consisting of 
C^-Cj al)cyl and C3 alkenyl, wherein said alkyl or 
alkenyl may optionally be substituted with one or mor, 
groups selected from the group consisting of C3-C 
cycloalkyl, -OR*, -o-Ar and Ar. ^ 
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7 . The cc5ii5)oxind according to claim 3 , 

wherein: 

R is selected from the group consisting of 
C,-Cg alkyl, Cj-Cg alkenyl, Cg-Cg cycloalJcyl, Cg-Cg 
cycloalkenyl and a 5-6 mexnbered saturated or 
unsaturated heterocyde, wherein any member of said 
may optionally be substituted with one or more 
substituenta selected from the group consisting of - 
Or2, -C{0)-NH-r2, -S(0)^M(Ra)(R2)j, Het, -CM, .Sr2, - 
C(0)2R^, Nr2.c(0)-r2; and 

DV is selected from the group consisting of 
C1-C3 alkyl and C3 alkenyl, wherein said alkyl or 
alkenyl may optionally be substituted with one or more 
groups selected from the group consisting of Cg-Cg 
cycloalJcyl, -OR^, -o-Ar and Ar. 



8- The compound according to claim 4, 

wherein: 

A is R^-Het; 

each r3 is independently c^-Cg alkyl, which 
may be optionally substituted with a substituent 
selected from the group consisting of -OR^, -C(0)-NH-R*, 
-S(0)„N(R*)j, Het, -CN, -SR^ •CO^ji', -NR^-CCO) -R^; and ' 

D' is C^-C^ alkyl, which nay be optionally 
substituted with a group selected from the group 
consisting of Cg-Cg cydoalkyl, -OR^. -o-Ar and Ar; and 

E is selected from the group consisting of 
Het, Het-Het and -NR^r'. 

9. A conqpound selected from the group 
consisting of; 

(S) -N-l- (3- ( (3-Acetylamino-4-fluoro- 

benzenesulfonyl) -benzyl -amino) - (is, 2 syn) -l-benzyl-2- 

hydroxy-propyl) - 2- ( (quinoline-2-carbonyl) - amino) - 

succinamide and (S) -N-l- (3- ( (4-Acetylamino-3-fluoro- 
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benzenesulfonyl) -benzyl- ami no) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- { (quinoliiie-2-caxbonyl) -amino) - 
succlnamide (compounds 2) ; 

(S) -N-l- (3- ( ( 5 - Acetylamino- 3 -methyl - thiophene-2 - 
siilfoziyl) -benzyl -amino) - (IS, 2 syn) -i-benzyl -2 -hydroxy- 
propyl) -2- { (quinoline-2-carbonyl) -amino) -succlnamide 
(compound 5) ; 

(S) -N-1- (l-Ben2yl-3- (benzyl- {5-isoxazol-3-yl- 
thiophene-2-sulfonyl) -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succlnamide (confound 6) ; 

(S) -N-1- (3- ( (Benzo(l,2,5)Qxadiazole-4-siilfonyl) - 
benzyl - ami n o) - (IS, 2 syn) -1 -benzyl- 2 -hydroxy -propyl) -2- 
( ( guinol ine - 2 - carbony 1 ) - amino ) - succlnamide ( compound 

9) ; 

N-1- (1- (S) -Benzyl-3- (benzyl- (3-sulfamoyl- 
benzenesulfonyl) -amino) -2- (syn) -hydroxy-propyl) -2- 
( ( quinoline - 2 - carbony 1 ) - amino ) r succlnamide ( confound 

10) ; 

(S) -N-1- (1- (S) -Benzyl-2- (syn) -hydroxyl-3- 
(isobutyl- (5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) - 
propyl) -2- ( {quinoline-2-carbonyl) -amino) -succlnamide 
(coir5)Ound 12) ; 

(S) -N-1- (3- ( (4 -Benzenesulfonyl -thiophene-2 - 
sixlfonyl) -isobutyl- amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy-propyl) -2- ( (quinoline- 2- carbony 1) -amino) - 
succlnamide (conpound 13) ; 

(S) -N-1- (1- (S) -Benzyl-3- ( (4-fluoro- 
benzenesulfonyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (c[uinoline-2-carbonyl) -amino) -succlnamide 
(conqpoimd 14) ; 

(S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 
benzenesulfonyl) - isobutyl -amino) - (IS, 2 syn) - 1 -benzyl - 
2 -hydroxy-propyl) -2- ( (quinoline- 2- carbony 1) -amino) - 
succlnamide (compound 15) ; 
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(S) -N-1- (3- ( (3-Acetylainino-4-fluoro- 
benzenesulfonyl) -iaobutyl -amino) - (is, 2 syn) -l-benzyl- 
2 -hydroxy-propyl) -2- { (quinoline-2-carbonyl) -amino) - 
succinamide (compoiind 16) ; 

(S) -N-1- (1- (S) -Benzyl-3- ( (4-acetylamino- 
benzene8ulf onyl) -isobutyl -amino) -2- (ayn) -hydroxy- 
propyl) -2- { (quinoline-2-carbonyl) -amino) -auccinamide 
(CQopound 17) ; 

(S) -N-1- (3- ( {5-Acetylainino-3-methyl-thiophene-2- 
aulfonyl) -iaobutyl-amiao) - (is, 2 ayn) -l-ben2yl-2- 
hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
auccinamide (caopotind 18) ; 

(S) -N-1- (3- ( (3-Acetylamino-benzeneauIfonyl) - 
isobutyl-aaino) - (is,2 syn) -1 -benzyl -2.hydroxy-propyl) - 
2- ( (quinoline-2-carbonyl) -amino) -auccinamide (coii?>ound 

(S) -N-1- (3- ( {Benzo(l,2,S)oxadiazole-4-sulfonyl) - 
isobutyl-amino) - (is, 2 syn) -1 -benzyl -2 -hydroxy-propyl) - 
2- ( (quinoline-2-carbonyl) -amino) -auccinamide (coimound 
20); 

N-1- ( (is-2 syn) -l-Benzyl.2 -hydroxy- 3- (1-iaobutyl- 
3 , 3-dimethylsulf onylurea) -propyl) -2- ( (quinoline-2- 
carbonyl) -amino) -auccinamide (compound 21) ; 

N-1- (3- ( (4-Acetylamino-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 ayn) -1 -benzyl -2 -hydroxy-propyl) -2- 

(pyridin-2-yl.methoxycarbonyl) -succinamide (compound 

22) ; 

N-1- (3- ( (4-Acetylamino-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 syn) -l-benzyl-2-hydroxy-propyl) -2- 

(pyridin-4-yl-methoxycarbonyl) -succinamide (compound 

23) ; 

N-1- (3- ( (4-Fluoro-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 syn) -1-benzyl- 2 -hydroxy -propyl) -2- 

(pyridin-2-yl.methoxycarbonyl) -succinamide (confound 
26) ; 
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4-Pluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3 - { (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl*benzenesulf onamide (con5)oxind 35) ; 

3,4-Dichloro-N- ( (2 syn,3S) - 2 -hydroxy- 4-phenyl-3- 
( (S) -tetrahydrof\ircUi-3-yloxycarbonylainino) -butyl) -N- 
isobutyl-benzenesulf onamide (coxitpound 37) ; 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-pheiiyl-3- (pyridin- 
3-yl-inetho3^carbonylainiao) -butyl) -isobutyl-eulfamoyl) - 
phenyl) -acetamlde (coznpoxind 44) ; 

2,4-Diinethyl-thiazole-5-sulfonic acid- (1,1- 
dlmethyl-ethos^carbonylamino) - (2 syn,3S) -2-hydroxy-4- 
phenyl-butyD-isobutyl-amide (coir?>ound 46) ; 

N-(4-{((2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylaiiiino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (compound 48) ; 

4-Pluoro-N- ( (2 syn,3S) -2-hydro3cy-4-phenyl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide and 4-Pluoro-N- ( (2 syn,3S)- 
2-hydroxy-4.phenyl-3- ( (R) -tetrahydrofuran-3- 
yloxycarbonylamino ) - butyl ) - N- isobuty 1 - 
beiizenesulf onamide (con^jounds 52) ; 

Benzo ( 1,2, 5 )oxadiazole- 5 -sulfonic acid ((2 
ayn,3S) -2-hydroxy-4-phenyl-3- {pyridin-3-yl- 
methoxycarbonylamino) -butyl) -isobutylamide (conpound 
66) ; 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (R) - 
tetrahydrof uran- 3 -yloxycarbonylamino) -butyl ) - isobutyl - 
sulfamoyl-phenyl) -acetamide and N-(4-({(2 syn,3S)-2- 
Hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran- 3- 
ylo^cycarbonylamino) -butyl) - isobutyl -sulfamoyl) -phenyl) - 
acetamide (confounds 86) ; 

N- {2-Fluoro-5- ( ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofurcm- 3 -yloxycarbonylamino) -butyl) - 
isobutyl -sulfamoyl) -phenyl) -acetamide (compound 88); 
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N- (3- ( ( (2 syii,3S) -2 -Hydroxy- 4- phenyl- 3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylainino) -butyl) -isobutyl- 
sulf amoyl) -phenyl) -acetaxnide (conpound 91) ; 

4-Pluoro-N- ( (2 syn,3S) -2-hydrcsxy-4-phenyl-3- { (R) - 
tetrahydrofuran-3-yloxycarbonylainino) -butyl) -N- 
isobutyl-benzenesulf onamide (confound 93) ; 

N- (4- ( { (syn) -2-Hydroxy- (S) -4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -osycarbonylamino) -butyl) - 
isobutyl-sulfainoyl) -phenyl) -acetamide (con?)ound 94) ; 

4-Pluoro-N- (2 syn,3S) -2-hydroxy-4-phenyl.3- 
( (tetrahydro-furan- (R) -S-ylmethoxycarbonylamino) - 
butyl) -N-isobutyl-benzenesulf onamide atnri 4-Fluoro-N- (2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (tetrahydro-furan- (S) -3- 
ylmethoxycctrbonylamino) -butyl) -N-isobutyl- 
benzenesulf onamide (confounds 97) ; 

4-Pluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
(pyridin-3-yl-methoxycarbonylamino) -butyl) -N-isciutyl- 
benzenesxilf onamide (con^oxind 98) ; 

4-ailoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofxxran-3-yloxycca:bonylamino) -butyl) -isobutyl- 
benzenesulf onamide (compound 99); 

N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl - 4 -metho^^-benzenesxilf onamide (conpound 100) ; 

4-Fluoro-N- (2- (syn) -hydroxy-3- ( (2-oxazolidon- (S) - 
4-yl) -methoxycarbonylamino) -4- (S) -phenyl -butyl) -N- 
isobutyl-benzenesulf onamide (compound 109) ; 

Benzene- 1, 3 -disulfonic acid l-amide 3- ((2 syn,3S)- 

2-hydroxy-4-phenyl-3- (3- (S) - tetrahydrof uranr 3 - 

yloxycarbonylamino) -butyl) -isobutyl-amide (confound 
112) ; 

Furan- 3 -sulfonic acid (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrcihydrofuran- 3 -yloxycarbonylamino) - 
butyl ) - isobutyl - amide ( contpound 113 ) ; 
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N- ( ( 3 - Allyloxycarbonylaunino ) - { 2 syn , 3 S ) - 2 - hydroxy - 
4 -phenyl - butyl ) -N- cyclopentylmethyl - 4 - f luoro - 
benzenesulfonamide (confound 114) ; 

N-Cyclopentylmethyl -N- ( ( 3 - e thcsxycarbonylamino ) - { 2 
syn,3S) - 2 -hydresxy- 4 -phenyl -butyl) -4-fluoro- 
benzeneaulfonamide (compound 115) ; 

4-C2iloro-N-cyclopentylniethyl-N- ( (2 syn,3S) -2- 
hydro3cy-4-phenyl-3- < (S) -tetrahydrofuran-S- 
yloxycarbonylamino) -butyl) -benzenesulf onamide (con?)ound ' 
116) ; 

4-ailoro-N-cyclopentylxnethyl-N- {(2 syn,3S)-2- 
hydroxy-4-phenyl-3- (pyridin-3yl-methoxycarbonyl) - 
butyl) -benzenesulfonamide (canqsound 118) ; 

N- {4- (Cyclopentylmetbyl- ( (2 syn, 3S) -2 -hydroxy- 4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylainino) - 
butyl) -Bulfamoyl) -phenyl) -acetamide (compound 125) ; 

3- Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3. ( (S) - 
tetrahydrofuran-3-ylo:^carbonylamino) -butyl) -N- 
isobutyl -benzenesulfonamide (confound 138) ; 

4- Chloro-N-cyclopentylmethyl.N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon-4- (S) -yl-methyl) -oxycarbonylamino) -4- 
phenyl -butyl) -benzenesulfonamide (compound 139); 

N- cyclopentylmethyl -N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetraliydrofuran-3-yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (conpound 140); 

N-((3-allyloxycarbonylamino)-(2 syn,3S) -2-hydroxy- 
4 -phenyl -butyl ) -N- cyclopentylmethyl - 4 -methoxy- 
benzenesulfonamide (confound I4i) ; 

N-Cydopentylmethyl-N- ( (2 syn,3S) -2rhydroxy-4. 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl- 

4- methoxy-benzenesulfonamide (compound 142) ; 

Pyridine- 3 -sxilfonic acid ((2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -isobutyl -amide, trifluoroacetic acid salt 
(compoxind 144) ; 
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5-lsoxazol-3-yl-thiophene-2-sxilfonic acid ((2 
syn.as) -2-hydroa(y-4-phenyl-3- ( (S) -tetraliydrofuran-3- 
yloacycarbonylamino) -butyl) -isobutyl- amide (con?)ound 
145) ; 

N- (4- ( (3- (Allylca^carbonylamiiio) - (2 syn,3S) -2- 
hydroxy- 4 -phenyl -butyl) -cydopentylmethylsulfamoyl) - 
phenyl) -ace t amide (confound 146); 

N- (4- (Cydopentylmethyl- ( (2 syn,3S) - 2 -hydroxy- 4- 
phenyl-3- (pyridln-3-yl-meth03Qrcarbonylamino) -butyl) - 
aulfamoyl) -phenyl) -acetamide (coo?>ound 147) ; 

N-Cydopentylnethyl-N- ( (2 Byn,3S) -2-hydrcaxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl ) -beazeneaulf onamide ( ccopouad 148 ) ; 

Pyridine- 3 -siilfonic acid cydopentylmethyl- ( (2 
8ya,3S) -2.hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
yloxycarbonylaaino) -butyl) -amide (coa?>ound 149); 

Piperidine-l- sulfonic acid ((2 ayn,3S) -2-hydro3cy- 
4-phenyl-3- ( (S) -tetrahydrofuran.-3-yloxycarbonylamino) - 
butyl) -isobutyl -amide (confound iso) ; 

N-4 - ( (2 - (syn) -Hydroxy- 3 - ( (2 -methoxymethyl - 
aliyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl- 
Bulfamoyl) -phenyl) -acetamide (conqpound 155); 

l-Acetyl-2,3-dihydro-lH-indole-6-adfonic acid 
( (aliyloxycarbonylamino) - (2 syn,3S) - 2 -hydroxy- 4 -phenyl - 
butyl) -cydopentylmethyl -amide (conpound 156); 

1 -Acetyl -2,3- dihydro- IH- indole- 6 - sulfonic acid 

cydopentylmethyl- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 

( (S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -amide 
(conqpound 157) ; 

N-Cyclohexylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4 -methbxy-benzenesulf onamide (contpoimd 158); 

N-Cyclohexylmethyl-4-fluoro-N- { (2 syn,3S) -2- 
hydroxy- 4 -phenyl - 3 - ( ( S ) - tetrahydrof uran- 3 - 
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yloxycarbonylamino) -butyl) -benzeneaulfonamide (compoxind 
1S9); 

N- (4- (Cyclohescylmethyl) - ( (2 syn, 3S) - 2 -hydroxy -4- 
phenyl-3- ( (S) -tetrahydrofuran-3-ylcacycarbonylainino) - 
butyl) -Bxilfaaoyl -phenyl) -acetamide (compound 160) ; 

N- ( (2 syn,3S) -2-Hydroxy-4-pheuyl-3- (pyridin-4-yl- 
methoxycarbonylajnino) -butyl) -N-isobutyl-4-inethoxy- 
benzenesiil£oseunide (confound 163) ; 

N- ( (2 syn,3S) -2-Hydroxy-4 -phenyl -3- ( (syn) - 
tetrahydrofuran-3-yloxycarbonylainino) -butyl) -N- 
iaobutyl-4-inethyl-ben2enesulfonainide (con?)ound 165) ; 

N-cyclopentylxnethyl-4-hydroxy-N- ( (2 syn,3S) -2- 
hydroxy.4-phenyl.3- (pyridin-3-yl-methoxycarbonylainino) - 
butyl) -benzenesulf onamide (con^jound 166) ; 

N. ( (2 Byn,3S) -2-Hydroxy-4-phenyl-3- { (S) - 
tetrahydrofuran-3-yloxycarbonylaxnino) -butyl) -n- 
i ^obutyl-4-nitr o-benzeneaulf o nanide (congound 167) ; 

• 'i-Andno-H- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (sy^ 
tetrahydroftxran-3-yloxycarbonylaiaino) -butyl) -n- 
is obutyl- benzeneaigf onamide_ fcmnpnimr^ 168) ; 

N-Cyclopentylinethyl-4-hydro3^-N^ ( (2 ayn,~3sT-2^ 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 

yloxycarbonylamino) -butyl) -benzenesulfonamide (coiroound 
169) ; 

N-Cyclopentylmethyl-N- { (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylainino) - 
butyl) -4-nitro-bene2enaulfonainide (confound 170); 

4-Ainino-N-cyclopentylmethyl-N- ( {2 ayn,3S) -2- 
hydroxy-4 -phenyl -3- ( (S) - tetrahydrof uran- 3 - 

yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
171) ; 

2,4-Diamino-N-cyclopentylmethyl-N- ( (2 ayn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) - tetrahydrof uran- 3- 

yloxycarbonylamino) -butyl) -benzenesulfonamide (conmound 
173); 
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4-Hydroxy-N-(2 syn,3S) -2-hydroxy-4-phenyl-3-( (S) - 
tetrahydrof uran-3-yloxycarbonylamino) -butyl) -n- 
isobutyl-benzenesuXfonamide (compound 175) ; 

N-Cyclopenty lme1:hyl-4 -f luoro-N- ( ( 2 syn , 3S ) -2- 
5 hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 

yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 

182) ; 

3,4-Dlchloro-N-cyclopentylmethyl-N-((2 syn,3S)-2- ' 
hydroxy-4-phenyl-3-( (S) -tetrahydrofuran-3- 

10 yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 

183) ; 

Benzy lojcycarbonyl- (L) -isoleucine-N- ( 5- ( ( 3 -amino- 

- (2 syn,3S)-2-hydroxy-4-phenyl-butyl)-isobutyl- 

sulfamoyl)-2-fluoro-phenyl)-acetamide (compound 187); 
15 and 

N- ( ( 2 syn , 3 S ) -4 -Cyclohexy 1-2 -hydroxy-3 - ( ( S ) - 

tetrahydrof uran-3 -yloxycarbonylamino) -butyl) -n- 

cyclopentylmethyl-4-methoxy-benzenesulfonMide 
(compound 195) . 

20 10. The compound according to claim 9, said 

compound being selected from the group consisting of: 

(S) -N-i- (1- (s) -Benzyl-2-(syn) -hydroxyl-3- 
(isobutyl-(5-pyridin-2-yl-thiophene-2-sulf onyl) -amino) - 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 

25 (compoxind 12) ; 

(S) -N-l- ( 1- (S) -Benzyl-3- ( (4-f luoro- 
benzenesulf onyl) -isobutyl-amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(compound 14) ; 

30 (S) -N-i- (3- ( (4-Acetylamino-3-f luoro- 

benzenesulf onyl) -isobutyl-amino) - ( is , 2 syn) -l-benzyl- 
2-hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (compound 15) ; 



wo 94/05639 



PCr/US93/084S8 



- 278 - 

(S) -N-1- (3- ( {Ben2o(l,2,S)oxaciiazole-4-sulfonyl) - 
isobutyl -amino) - (IS, 2 ayn) -l -benzyl -2 -hydroxy-propyl) - 
2- ( (quinoline-2-carbonyl) -amino) -succinamide (con^oxind 
20) ; 

N-1- ( (is-2 ayn) -1- Benzyl -2 -hydroxy- 3- (1-isobutyl- 
3,3-dimet:hylsulfonylurea) -propyl) -2- ( (quinoline-2- 
carbonyl) -amino) -succinamide (compound 21) ; 

N- (4- ( ( (2 syn,3S) -2-Hydro3^-4-phenyl-3- ( (S) - 
tetrahydrof\iran-3-yloxycarbonylamino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (confound 48); 

" N-((2 syn,3S) -2-Hydro3y4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
i8obutyl-4-metho3ty-benzenesulfonamide (confound 100) ; 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -benzenesulfonamide (con5>ound 
116) ; 

N-Cydopentylmethyl-N- ( (2 8yn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (cco^jound 140); 

N-Cyclopentylmethyl-N- ( (2 sya,3S) -2-hydroxy-4- 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamiao) -butyl- 
4 -methoxy-benzenesulf onamide (coii?)ound 142) ; 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -benzenesulfonamide (coa^jound 148); 

N-Cyclohexylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (conpoxind 158); 

N- (4- (Cyclohexylmethyl) - ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -sulfamoyl-phenyl) -acetamide (con^jound 160); 

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn,3S) -2- 
hydroxy-4 -phenyl- 3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzenesulfonamide (conpound 166); 
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4-Aiiiino-N-.( (2 syn, 3S) -2-Hydroxy-4-phenyl-3-( (S) - 
tetrahydrofuran-S-yloxycarbonylEunino) -butyl) -N- 
isobutyl-benzenesulfonamide (compoiuid 168) ; 

4-AiBino-N-cyclopentylinethyl-N-((2 syn,3S)-2- 
hydroxy-4-phenyl-3-( (S) -tetrahydrofuran-3- 

yloxycarbonylaaino) -butyl) -benzenesulf onanide (compound 
171) ; 

2,4-Diaiiiino-N-cyclopentylmethyl-N-((2 syn,3S)-2- 
hydroxy-4-phenyl-3-( (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -benzenesulf onanide (compound 
173) ; 

4-Hydroxy-N- ( 2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 175); and 

N- ( (2 syn, 3S) -4-Cyclohexyl-2-hydroxy-3- ( (S) - 
tetrahydrof uran-3 -yloxycarbonylamino) -butyl) -N- 

cyclopentylmethyl-4-methoxy-benzenesulfonamide 
(compound 195) . 

11. The compound according to claim l, 
wherein said compound has a molecular weight less than 
or equal to about 700 g/mol. 

12. A compound according to claim 11, 
wherein said compound has a molecular weight less than 
or equal to about 600 g/mol. 

13. A compound having the following 
structural and physicochemical characteristics: 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 



20 



30 
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moleciile of an HIV aspartyl protease when the coxx^oxind 
is boxind thereto; 

(2) substantially hydrophobic moieties which 
associate with the P^^ and P^' binding pockets of said 
HIV aspartyl protease when the compotind is boiind 
thereto; 

(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 and 
Asp25* of said HIV aspaxtyl protease when the conqpotmd 
is bound thereto; 

(4) an additional occupied volume of space 
of at least 100 when the contpound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
con5)ound to said HIV aspartyl pfotecise of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthalpic 
contribution from the sum of all electrostatic 
interactions between the con?)ound cmd the protease when 
the compound is bound to said HIV aspartyl protease. 

14. The compound according to claim 13, said 
compound having the structure of formula XL: 

Z^-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

and are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
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protease, with the proviso that at least one of or 
is more highly polarizable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogen bond donor or acceptor, capable of 
aixnultaneoualy hydrogen bonding to Asp25 and Asp25 " of 
said HIV aspartyl protease; 

and axe independently acyclic or cyclic 
linker moieties; arir^ 

each of and may be optionally present 
and, if present, are independently selected from groups 
which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
sxibstrate of said HIV aspartyl protease. 

15. The compound according to claim 14, 
wherein at least one of or is a substituted 
sulfonamide. . 

16. A pharmaceutical composition effective 
against viral infection comprising a pharmaceutically 
effective amount of a caii?)ound according to any one of 
claims 1-4 and 13-14 and a pharmaceutically acceptable 
carrier, adjuvant or vehicle. 

17. The pharmaceuticsLl con^josition according 
to claim 16, further conprising an additional anti- 
viral agent. 

18. The use of a compoxmd according to any 

one of claims 1-4 and 13-14 as a therapeutic agent 
against viral infection, said virus requiring an 
aspartyl protease for an obligatory life cycle event. 

19. The use according to claim 18, wherein 
said virus is HTV-l, HIV-2, or HTLV. 



wo 94/05639 PCr/US93/08458 



- 282 



20. The use o£ a compoiind according to any 
one of claims 1-4 and 13-14, for inhibiting enzymatic 
activity in an aspartyl protease. 

21. The use according to claim 20, wherein 
said aspartyl protease is HIV protease. 

22. A method for preventing HIV infection in 
a mammal comprising the step of administering to said 
mammal a pharmaceuticaJ.ly effective amount of a 
pharmaceutical composition according to claim 16 or 17. 



23. A method for treating HZV infection in a 
mammal coaiprising the step of administering to said 
mammal a pharmaceutically effective amount of a 
pharmaceutical composition according to claim 16 or 17. 

24. The method according to claim 22 or 23, 
wherein said step of administering coxqprises oral 
administration or administration by injection. 

25. A method for identification, design, or 
prediction of an HIV protease inhibitor con5>rising the 
steps of: 

(a) selecting a Ceuididate compound of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 
which is more highly polarizable than a caxbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantiaJ.ly 
hydrophobic moieties; 
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(b) determining a low-energy 
conformation for binding of said compoimd to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said conqpoxind is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 
the and P^^' binding pockets of said HTV aspartyl 
protease ^en said conpound is bound thereto in said 
conformation; -~ 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 and Asp2S' of said HIV aspartyl protease when 
said coiqDound is bound thereto in said conformation; 

(f) evaluating the overlap of the 
occupied volume of said con^jound when said coii5)otmd is 
boxmd to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 
substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of b in d in g of said con?)ound to said HIV aspartyl 
protease; 

(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said con^oxmd and said HIV 
aspartyl protease when said coii5)o\ind is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate compoxind as an HTV protease inhbitor based 
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upon the determinations and evaluations cazrried out in 
steps (b) through (h) . 

26. An HIV protease inhibitor identified, 
designed or predicted by the method according to claim 
25. 

27. The HIV protease inhibitor according to 
claim 26, wherein said inhibitor has the structxire of 
formula XL: 

(XL) 

wherein: 

and are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an BJV aspartyl 
protease, with the proviso that at least one of or 
is more highly polarizable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogen bond donor or acceptor, capable of 
simultaneously hydrogen bonding to Asp25 and Asp25* of 
said HIV aspartyl protease; 

and are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
and, if present, are independently selected from groups 
which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV aspartyl protease. 
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